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Francis W. Rcklidik'i Irt. wlm riii-il |.iiiii- 
ary 26. 1983, intrmluiL'il nmilciii InicciMiii^ 
t«hniques to U..S. militni v .uni i ivili.m tvi-.iili- 
tr prediction and spi-ai hi-aiini thcii iIism mi- 
ination throiigliiiiii the wml.l. Wlu-n Kcic lic-1- 
dtrier retired as Uriel ul llit- l.'.s. Wr.itlu i 
Bureau in 1%:!. SukIui v <>l C<uiiiii. i.<- l .i- 
jherH. Hodges ilei hiu-d ih.il , "Vcm .m- | ( -:iv • 
inga legacy of the wmlil's l.irge-st .uui umsi 

sophisticated wciilhL't' systnu . . liming vum 

Our of duty, your k-.nlei ship .mil iiispii .iiinu 
guided nieleiirolugisis (litini^lium tlu- m>tli| 
tonork toward the lumiiumii |>> i.i I <>{ ,i mih 
global weather system ." I>i . si.lcm Ki msiih 
and former Presidents I*i uni.ui «tn<| hisvn- 
howrsent Ictteis ul ;i|i|jin Ltlinn In .nidi- 

uon, Reichelderlcr rrcciviil I mi s- 

ages Irani nmiv lli.m :,tj „il,r, 

wosnitiou of his many iiiiiliilHiiiuus in r I k - 
ffiielopmciii nl liiodL'iii mi irninln^s . Rn- 
chelderfcr himiell said ili.n hi- li.ul Im-n Im- 
“UBie always in have Ih-i-ii in the liiriu iil.n «• 
a« the right lime." 

Rekhelilcrlcr was hurn in llailan. Indiana. 
wAuguati, | Ryr,. h| [.||7 hr «, ad i taled 

^tiNonli western in I 'l IS 

“'jwncil the U.s. Naval Reset vr I , me in he- 


i nme ■• pilot Sent In kuhiimI school at the 
77,'" l 1 , " si11 ' iMMillllc ol T echnology, Rei- 
« hell lerler signed u,, |i ir acnA^kal (meteo- 

K KJ '| ,,a »»"K- Mff, Reichelderfer was 

'em in Niivj Simla, where lie served as 
ivrathc-r I'lk-lrr liir milhuliinariiic patmls un- 
hl (lie Armistice. 

In 1‘Hil Jarnl* lljerknes published On the 
Stun tin r nf ,\l, n , mg Cycinues, a monograph tie- 
'"iNng the resnlutimiary work ora group or 
Norwegian "'^•ndogist, whose theories and 
met In n Is were m give Reididderier tools he 
Winilil use in reshape American mcieurologi- 
1 *■! s » , t'viies. Vilhelm lljerknes and his sun |a- 
inh had Ii k list'll their attention on fronts and 
air masses (particularly the enormous 'Hit' 
lueaks o( told air fituii the polar regions) 
t. iriier lEiiiii-iin individual storms, which rep- 
resent only lliv interplay ul air masses. Their 
work jiiovidcd a logical, 3-dimciisional annn- 
splierir niudel that meteiinilogisis could use 
to explain and forecast the weather. 

Kck'lieUlcrfer tpiickly grasped die impor- 
t.im v of the Nurwcgi ails' work, wrote to Ja- 
mh lljerknes, anti liegau using the new met It- 
mis liiniself. In IU22, now a lieutenant, Kci- 
i lieli lerlcT was sent to Washington, D. C., to 
dim t tin' Navy's aerolugical service. During 
his Washiiigtim nun ( 1'J22-2R) lie revitalized 
i lie service and led it in the adoption nf the 
Norwegians' mcieumlngiral methods. By 
Mi2. r i lie had made air-muss fmmal analysis 
.mil (ureiasting ledmiijiies staiulaiti practice 
tliriiiigliiiin the Navy. 

On September I -I, 1938, Willis Ray Gregg. 
Chief nf the U.S. Weather Bureau, died at 
age 5H. Because of Reicheklerfer's achieve- 
ments in nii'idcrnizing the Navy's aernlngical 
set vices, lie was picked to succeed Giegg. 

I lie fit si thing die new Chief did w;is to 
speed up and strengthen die changeover to 
air-mass analysis and forecasting, lie reuiga- 
ni/ed the Itilieau and began recruiting grad- 
ii. lie mc-ieiinihiglst.s i rained in the Norwegian 
iiu'iIiinIs lie .dsn insiiiiitcil intensive, inhuusc- 
ii, lining l<n Bineaii persunnel. p.iniciilurly 
t In isc in * lunge nf weal her analysis and fore- 
iast ulTiies. 

In iiiipnivc public Iniecasi anil liiuriraiie 
warning set vices, Kck livklciicr hail Bureau 
nii'ieornliigisls prepare (mu puhlii Imccasis a 
d.is. i sillier lliau just mn. A slum rime later 
l l939-l!Mni. iitunleil leli-phonc- ive.ilhei 
lumasts wen' iutimliKed in New Ymk t.ilv. 
Washiiigiini. |l.i:.. Newaik. Baliiniorc. IV- 
tinii, and Chh.igo. 

In I'.M I, allel die I'tliuil Sums eiiifietl 
i he Wm Id Wai II, I'tesideiil Riuisevell desig- 
naled die Weaiher lliueau a war agents. 
I-.vc-n liefnie this, a Reicheldei lei reimiimi'li- 
ilaliuii had led in the r real inn nf a committee 
in eunrtlinuic civilian and military nicicnmlu- 
gv :n l ivii [i*s: die n in unit tee’s riiniliniis sikui 
weic taken iivci by the |nim Meitiimlngy 


Committee of the U.S. joint Chiefs of Staff. 
Though now a civilian, Reichelderfer was 
made an official member or the commiitee. 

Reidielderfer's membersliip on the Joint 
Meteorological Committee and successor 
groups was the key to the modernization and 
improvement of postwar Weaiher Bureau 
services. The wartime cooperation that devel- 
°P^ during weekly and emergency meetings 
of civilian and military meteorologists would 
carry over lung after the war ended and lead 
to rapid technological advances in American 
and global weather services. The postwar ad- 
aptation of World War II developments and 
(he continuing revolution in technology re- 
shaped meteorology. Reichelderfer sought 
out and, whenever possible, adapted each 
technological advance to improve Weather 
Bureau services. 

Radar was one oF the more significant me- 
teorological applications to come out of 
World War II. Reichelderfer was among die 
lint to see radar's potential value. In 1946. 
thanks to the wartime cooperation established 
between the Bureau and the military weather 
services, the Navy gave the Weaiher Bureau 
25 surplus aircraft radar sets, which were 
subsequently modified for ground meteoro- 
logical use. Further transfers followed, and 
the Bureau gradually established a network 
nf weather surveillance radars to guard the 
tornado-prone midsectirm and the hurricane- 
vulnerable Atlantic and Gulf coasts of the 
United States. In the laic 1950’s the Weather 
Bureau developed its own advanced meteoro- 
logical radar system, which also was adopted 
by the Naval Weather Service. 

Like other meteorologists, Reichelderfer 
thought that mathematical analysis might 
provide the key to more accurate wcnlhcr 
forecasts. His inquiries led him in 1944 to 
John vuu Neumann, who was working on ad- 
vanced machine computation problems. In 
194K, von Neu maun established a iiielcurnlo- 
gv group ai Princeton University to explore 
lhc idea nf inuitieniaiiLal weather predictions. 
The group, led by ] ulc Glmmey. inmiilicd 
mathematical equations developed earlier by 
C,irl Gustaf Rossby and succeeded in pioduc- 
ing numerical weaiher predictions- Vnn Neu- 
mann's new. inieinullv programmed mm pal- 
er took only :*< minute-' io make .i 24-lumr 
fnreiasi. Machine weaiher Inrci .wing hciuint- 
.( pirfi.lk.il possibility. 

The ik- veil ipnietil ol such fmecasis re- 
quired the ioi u cried eHiiii ol the Weaihei 
Biiicrfii. Nav.il Wc.nhcT Serviie, .aid die Air 
Weather Seivice. an ellnrt Reicheldei ler c«*n- 
liniially cliainpioued jt meetings with his mil- 
itary colleagues. Each weaiher service subse- 
quently provided a third of the money and 
manpower needed to establish a Joint Nu- 
merical Weather Prediction Unit in the 
Weadter Bureau in 195-1. A veal later the 


unit acquired one of the first commercial, 
stored-program computers, and soon it was 
turning out forecasts twice a day. Within a 
few years, many other countries began mak- 
ing computer weather forecasts. 

Soon after the National Aeronautics and 
Space Administration (NASA) was organized 
in August 1958 Reichelderfer went to its 
Administrator, T. Keith Glennan. to sell him 
on the idea or "a weaLher eye in the sky." 
Glennan could see both the value and the 
popularity of such a satellite, and he gave its 
development his strnng support. TIROS I 
(Television Infra-Red Observation Satellite), 
Lhe first experimental weather satellite, was 
launched by the United States on April I, 
1960. Five hours later, President Eisenhower 
was looking at a weather picture from space. 

Even before TIROS I went blind, Reichel- 
derfer was working hard to generate the po- 
litical and financial support needed to devel- 
op die world's first weather satellite system. 

In Augusi 1960, NASA and the Weather Bu- 
reau joindy invited meteorologists from 21 
nations to participate in the analysis of weath- 
er data to be gathered by TEROS 11. Routine 
international distribution oE cloud analyses 
and storm advisories prepared from U.S. sat- 


ellite photographs was arranged following die 
launcli on November *23, 196U. One year lat- 


er, NASA and iltc Bureau began training me- 
teorologists from 27 cuunLrics to use said lire 
photographs in weaihei analysis and forecast- 
ing. 

Reichelderfer, one uf the key planners ill 
the creation of the World MeleurolrigiLal Or- 
ganization (WMO), was elected its lirsi presi- 
dent, serving from 1951 in 1955. The course 
he charted produced a smoothly functioning 
organization dint lias continued as the focus 
fur successful international, regional, ami 
global cooperative programs tlt.it address 
weather as a common umccrn or all conn- 
tries. His efforts and those of Harry Wexler, 
chief Weather Bureau scientist, helped lay 
the foundation ten 1 the World Weaihei Ware It 
and lhc Global Atmospheric Research Pro- 
gram, huge international programs whose 
possibility and since vs were based ou the use 
nf uietcurolngic.il satellites. 

Reichelderfer joined At -L' ill 1939. lie was 
president of the Meteorology Section Ikuii 
19-14 to 1947 and sened two tersui a\ At«L‘ 
vice president 1 1949-1951 and |9fi , .l- I'ltiUi. 
Reicheldei ler resigned Itom tile M'c.itliei Bu- 
reau after serving u loi 24 vcuis and 111 
inomhs. Following his retiieiitem. lu- vcisc-d 
auot her decade as a consultant to the Weath- 
er Bureau, industry, and the Wot Id M l- lei tru- 
ing ic.il Organization. 


This tribute was written by Patrick Hughes of 
the Nationni Ocean if mui Atmmfihnif :\,lmiiii\tni- 
(ion, IV’ruAiMgfiMt, DC 202 '3. 
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Investigated 
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(3) Analysis nf tidc-gaiigc rcrunls and the 
niodeliiig of other .slion-temi Iluciiiations, 

Kite Ii as changes til' the tidal niuge, storm 
surges, istinaini, etc., using computer slniiila- 
liuii icrliui<[iies rarefillly controlled by tell- 
iiltle, am irate sea-level data. Tltusc wishing to 
lake part in lhc nciivliies uf I'mjccl IGG1*-2I)U 
tuny nml act I*. A. Fit azznli, LabuLainii t- tic 
(tfiniiut phtiluglc rle I'K.F.II.K., I rue Maurice 
Annul x, 02120 Momniugc. France. 


gipnhoa and Natalbnity rivers and lhc Boguc 
Chit to in Louisiana and the Wolf and Biloxi 
rivers and Red Creek in Mississippi. The flow 
of the Amite River at Denham Springs. La., 
for example, peaked at about 59.7 million 
gallons (22G million liters) per minute on 
April 8, which is about 21% greater than lhe 
previous record high flow of 49.4 million gal- 
lons (187 million liters) per minuLeon April 
23, 1977. 


Foreign Grants 


March Flows 


four USGS index stations were in the below- 
norntal range, with stations on the islands ol 
Maui and Hawaii reporting new or record- 
cquitling monthly or daily minimum flows. 

The combined March flow or die nation's 
'Big Five' rivers— Mississippi, St. Lawrence, 
Ohio, Missouri and Columbia rivers — aver- 
aged 962 billion -gallons a day (bgd) (3.6 x 
10 12 liters per day— Ipd), 1% below average 
for March. These large rivers account for 
streamflow runoff for more than half of the 
conterminous United States and their com- 


Dmliian. "I'l'iic.Hifiii to a variety ol u instill 
b Dfini ii S ' w . 11 1 particular reference to dense- 
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of lor -,1 . y ariJ,, k>ns are aciiinlly a complex 

level and global processes. Sea- 
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The Smithsonian Foreign Currency Pro- 
gram, a iindounl research grants program, of- 
fers opportunities for support of research in 


Mitre™;- ■ 1 ‘ WC:i,, h ot miorinauou 

provide nf UM ^ rila * a ! K | «ttemal eiTects and 


provide ih T *" d ! . t ‘ xlen,1 u effects and 
paleoH^u ° n i y P c *s**bility lor reconstruct ing 
5R V rf «« and lcriin K complex 
Pie the** ^^E-20() intends to invest!- 


Tcrs opportunities for support of research in 
Burmn, Guinea. India, and Pakistan in astro- 
physics and earth sciences; anthropology, ar- 
cheology. and related disciplines; systematic 
and environmental biology; and. museum 


Pie th«* j intends to invcsti- 

actiont in modll * atill 8 Rrciors and their inter- 
which rh-,« n at ! e,n P l l ° define the scales at 
ed effer,, n ^ es ln sea ' level occur, the associat- 
tloti, a nt i ,° n COaslal and sltelf deposit evolu- 
of these rl° se P arale ail d quantify the causes 

ionics 525? (eUS,a ^' ,sostas y- rheology, 
ica] pRra r i / iaie> oceanic clinngcs, astronom- 

Much orsul™' 1 

es opera,;- r researc h will focus on process- 
ors to a rf J Q u Perlods ran B 5n 8 from a fcw 
Dre#li«- lh0l ? ant, years. However, ade- 
^ires line* n ? n of sea ' level change nlsq .re- 
Hod* of !!, ^search concerned with- the 

the la,. n ‘ ch ' on ger time intervals within 

«*. u SEIT *- Thc wide s P an 

will rariffp ^ Cd , 8 P al[ aliy; objects of study • ’ • 
■he earth a , ° m * ,n B^ e Nations or profiles to 
Three S . a ^ ho,e ' 

^pied: mHln *' nea ^ approach are being 

f° tT elaiinl?^!r 0n ' ^ ha ' V»“ ' Inter pretaiioti . and . 
from a «i' ew existing sea-levet data, 

J^.aieas p2ffi elU in ffom -: 


programs. 

Grants in the local currencies of the coun- 


tries are awarded to U.S., institutions For re- 
search by senior scientists; collaborative pro-, 
grams involving host country institutions are 
welcome. Awards are determined on the basis 
of competitive scholarly review. . _ ' 

The annual deadline for applicauons is No- 
vember 1. For additional information, contact 
the -Foreign Currency Program, Office of Fel- 
lowships and Grants, Smithsonian J^ut.on, 
Washington, DC 20500 (telephone: 202-287- 
3321). -. . 


In contrast to most of the nation during 
Mnrch, streamflow conditions in the Ohio 
River valley were well-below average 
throughout Indiana, Ohio and Kentucky, and 
also in northern Tennessee, eastern Illinois, 
southern Michigan, western Pennsylvania and 
extending eastward into sbudiwestern New : 

York. 

Dry weaiher continued to grip Hawaii in 
March. The island oF Hawaii was designated 
as a drought disaster area.. Stream, flows at the 


bined flow provides USGS hydrologists with a 
useful check on the status of the nation's wa- 
ter resources. Flow of the Ohio River at Lou- 
isville, Ky. — indicative of the dry conditions 
in llte Ohio River valley — averaged 79 bgd (3 
x 10" Ipd), 50% below the long-term March 
average and 10% below die February flow. 
Most of the key index gaging stations on 
streams feeding the Ohio River alstb reported 
below-average flows. 


Hews (cant, on p.394 ) 
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“ey area, nwT ■ i, ? elu in <lala and from 
ev aluate a F°?. kli . n g diagnostic evidence, to 

»ny . 


U.S. Streams in 
Mm-ch, April . 

•• March streamflow ^nditlow^rfrgbucral- 
lv above average over moat oF.thej United 
Kates, and much of^ ^the Wfj- 
ww aw^sh' In' April, with | 

C0 rd Ss,belng|KLon «a«i 


Quantitative Modeling of Maghetoipheric Processes 


\l tilted by W.pl Olson (1979) ; , 

' ; ' providing an-annotated llst ofquant!taUve models which servd as a 
reference ion riper^y -particle distribution artd magnetic and electric 

lurlilan In /-nnhln^llnn UftlK ikalnlAr. 
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time Iasi year. Another hydrologic concern in 
Utah was the continuing growth or the young 
Lake Thistle— estimated size 12,000 acre Feet 
(1.5 v I0 7 m 3 )— created when a massive land- 
slide Formed a natural dam on the Spanish 
Fork River south of Salt Lake City. 

Hawaii remained a dry spot in the United 
States. Stream How conditions have been be- 
low average in the islands now for Four con- 
secutive months. 

Strcaniflow in most oF Alaska was well- 
above average during the month. A much be- 
low average snowpack For the winter of 
1982-83 was reported by slate officials. 

The nation's groundwater resources rose 
seasonally during April and record high lev- 
els were set in key wells in Kentucky, Ala- 
bama and Virginia. In New York, new 
monthly high levels were recorded in five 
wells and two wells set new all-time high lev- 
els Tor die period or record. The level in die 
key index well near Rensselaer. N.Y., Tor ex- 
ample. stood at 8.38 ft. (2.5 m) below the 
land surrace, about 2 ft. (0.6 m) above the 
long-term average and the highest level in 
this well in 28 years oF record. The strong re- 
charge and the record groundwater levels 
were especially welcome in wells in southeast- 
ern New York, where recent drought condi- 
tions had lowered water levels extensively. 
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The Big Five 


Redccjing the reduced flow From its Ohio 
River tributary, flow nF the Mississippi River 

i M y ,M aVCraRefl 178 d.8 >c 

, U l|Ki), 9,* below average Tor March; St. 

I .aw re nee River near Massena. N.Y.. aver- 
aged 173 bgd (6.5 x 10" |pd), 7^ above av- 
erage for this time or year; Columbia River at 
1 he Dalles. Ore.. 154 bgd (5.8 x 10 " |pd>, 

? a! *ve average for March; Ohio River at 
Louisville, kv., 7«i bdg (3 x lo" tpdj. 50 ft 
below average for March; and the Missouri 
Kiver hi Hermann, Uhl, 77 bud (9 1 ) x in" 
I|k 1), til ft above average for March. 


The Big Five 

Mississippi River near Vicksburg. Miss.. 

7b5 bgd (2.9 x 10 12 Ipd), 29% above average 
and G09 t above the March flow; St. Lawrence 
River near Massena. N.Y., 178 bgd (6.7 x 
10 Ipd), 4% above the seasonal average and 
3% above lasL month's (low; Ohio River at 
Louisville. Ky., 147 bgd (5.6 x 10" Ipd), 9% 
above average and 86% above March; Mis- 
soiin River at Hermann, Mo., 149 bgd (5.6 
Ipd). 161% above average and 93% above last 
month s flow; and the Columbia River at The 
Dalles, Ore.. 146 bgd (5.5 X 10" Ipd). 2% 
above the seasonal average and 5%, below 
March. 


Geophysical Events 


April Flows 


VSL.fi hydrologists said that April was pre- 
dominantly we i throughout the country, ex- 
cept lor drv conditions along the U.S. -Cana- 
dian border from western New York through 
the non I tern pan of the upper Great Lakes 

Moiiuiui. Idaho 
and Washington state. In the Ohio River 
«Ucy, stream How returned to the normal 
range after being well below average in 

SrSJ *‘ nnB Api JH ,,ow of lf, e nation's Big 
la h E? - r rJ ^ 1 ' 3S5 bgd (5.2 x 10" g 

Jjft St? b u We , , the on *- |er| i' average and 
44% above the March Row. 

wJ^ Se ' [C, L par[ 0f lhe COUnlr V >n April 
was the area between Maine and Maryland 

where more than a dozen sireamflow 
" co ™. s I° r Ap . nl were e^ablished, includinu 

“"in UtL h h rd t, hl f he V- n ° WS CVer retord ed. 

U 5’ ,he - ^'f 1 in thc Cr «i Salt Lake 
corn mued to rise, increasing another G in M 5 

™> Apr : T t c a it end ‘ 

lhan 3 'i; 56 ^ ar! and '"ore 

tnan 3 ft. U ni) |„gher than the level at this 


• ™ 5 j s ■ r ,n,ar >’ of sean w). 

April SO. 1983. a publication of the Smithso- 
nian Instiumon. The complete Uhtwun re- 
port is included; reports on Mount Si. Helens 
and earthquakes are excerpted. The Asaina 
report appeared in the May 10. 1983 Eta 
The complete bulletin is available in the 
microfiche edition of Eos as a microfiche sup- 

to?£ W ///* P a P cr 1 reprin[ - Subscriptions 
io SEAN Bulletin are also available. For the 
micmfiche. order document E83-OU5 at 
$2.50 Trom AGU Fulfillment, 2000 Florida 
Avenue, N.W.. Washington, DC 20009 For 
reprints, order SEAN Bulletin (give volume 

TguT 6 nUmbe ?a and iKUe date ) ‘''rough 
AGU Separates; $3.50 for one copy 0 f ea c h 

usue number for those who do not have a ile- 

KSrf? h 2 F ° r lhQSE who d0: ad dition- 
al copies or each issue number are $1 00 F or 

AGU Fuff"’ ° rd ?J EAN flin' 

for 12 


m nn .ui. • ”7 p ,h - c Bio.ou tor 12 

dressfertWm q' r ‘° LJ , nilCd Stales ad - 

uress. 528.00 (U.S.) if mailed elsewhere Or- 
der must be prepaid. 


Volcanic Events 


ISBN 0-87546- 2jq_j 

Coastal 

Upwelling 

Frandc A Dr^u ... 


Frands A. Richards, editor (1081) 


££« iM!a "*■* ,a * c v. 

and re- 


I ks^ 5 =W!e 

tiffing ' '«tSi3tom h beiS en in lden ’ 

biolugic.il firi*. llnd pr 0 « ss S n ™fi CaI ° nd 
welling s>“tcm ^ of ,he «»atal up- 

& IXZ SS6 ZsPrr* io ^ 

tateKsoiTsiE! f J CriV ? ft0M iDOE 

Arlldi'i are alsiEd “ ^ 

ul the Coastal ^pediHon results. 

Prugram and Umibr S^JSSpS 

• 5M pages . Illustrated . price $ 29.00 


M exm.d ? S (WaBhl,, 8 ,on ): Intrusive and 
F.2 rtF ?, d ? mc ff, ' ow, h co '»'nue. 

5 craS C UV * efr,,s^0,, con,ir, ues; central 
rater ex p|o ,,° ni: deformation, temper!, 

Ki ' /u d Se,f 'P° ienllal data. P 

tve?hiS. a, ! ): Uva effusion st °P* 

level harmonic tremor, local incandescence 
and extension continue. ence, 

Crater ,ake rccedes ra P- 
JJ1>. stratosphenc aerosols reduce solar nf 

cdrSW lalimde aerosols sampled 

^ Stma- 

roie new, SO, flux estimated. 

Parfcutm (Mexico); Fumarole. emit acid gas- 

HI SKk akb r 31 Six vo,canoes 311 mma- 
nzed, ash eruption at Concepci6n; tem- 

io e mbo. re nCreaSC 3nd lrCnio ^ al Momo- 
^ariKT AaivUy “ d,n * volca "o« »>■»■ 

^mp.l , 0 a „ Pan): S,lmn,il cralcr 

Iwo-Jima (Volcano Islands): Eardiquake 

KuSK- ° we ?, k sleam «pk»ioff 

K S f h k rflne Uapa,,): Smal1 phreatic ex- 
plosioti; harmonic tremor. 

S; Y “ ke ’ Yama Uapan): Fresh “h on 


I dome had preceded ptevium eMtiiMiin *-|ti- 
sodes, but stop ped us lava te.u lit ■ I the mii • 
face. However, siihsianiial fiHlugenmis 
growth lias continued tlii-niigliiiiii tin- turn m 
episwlc. Poor weather iiHitinued in li.iinpci 
e- observations. 

About April I, a Inuad. stubby spiiie lieg.iu 
to cnici-ge at n Highly I m/<|u\ Iron, the ten- 
ter of the Fchrunry Inlie, reailiing :tu m i n \. 
S dimcnsiiin, 2*1 in E-W. and jIhnii 2.1 in in 

height. Growth of this spine stopped .it I 

April 15 and extrusion tif another \pine si.m- 
etl about 711 m to the SK. l he lailei spine u- 
inaincd auive until alumt April 27. wlien at 

60 in height it was die highest i|„. 

dome anti roughly the same si/e as the mm- 
toppled February spine (see .VL.l.V HulUnu ,v 
(2)). Between visits to the crater April 29 .md 
May 4 a new lobe began to grow high on the 
NE Hank lit - the February lobe. This lava hud 
a typical ‘spreading renter' xnuric and * lilia- 
ceous carapace. Exiiusinn con i i nued as nl 
May 1 1 bill the growth rate was slow and it 
remained several times .smaller lhan previous 
lobes. 

Dramatic deformation Inis continued on 
the E and particularly the NE secior o| the 
dome since early to mid March. Because of 
frequent rockfalls, it was difficult in maintain 
targets on these areas of the dome, but rates 
of deformation readied 1.5 m/day and aver- 
aged about I m/day over roughly 1-week pe- 
riods. Between measurements May 4 and 1 1 
the NE margin of the dome moved 9 in inn- 
ward and 2.5 m downward. Defonnation on 
the N side of the dome was limited, but sig- 
nificant rate changes were observed. 

Through March the rate was constant at 
about 1.5 cm/day. but dropped to alxnn I 
cm/day around April I as spine growth siart- 
ed. Deformation slowed further to 7-8 „„„ / 
day around Apnl 15 as gmwtli ul one .spine 
stopped and extrusion of another began (see 
above) but returned to about I tm/dav ai the 
end or the month and remained at ihui rale 
as of May ] l. The W side or the dome, site nl 

the most rapid deformation before manv iin- 
vioiis cxinision episodes, remained quite sta- 
ble. No significant deformation of the edifice 
as a whole was delected. 

Vapor and tephra emissions umiimied 
from the main yent near t!,c source aiea of 
Hie February lobe but were relatively inl,,- 

nn e ,n , Sn CC!,rrin ^ 1 - 3 l 1 * 1 ' da > '»«"‘ ^ 

up to 30 cin in diaiiictcr were ejected. l euli- 

ra could often be seen in i|, c phiim-s, wliilh 

somettmes rose to I km above the < rate i rim- 

Jdt wlf ApriI 1S “ l I25<J ' « km ’ 

altitude. There was no apparent correlation 
between pjumc emissions and changes in ex- 
trusive activity or defoniuilinn. 

S0 2 emission remained at roughly no i,„ ls 
per day until alxutt April 27, when it ' 
dropped to 00-90 tons per day. A similar 
rale was measured April 30 mid Mav 1. but 
SO, cmissmn rcturnetl to 150 tons per day 

A^L aCtM \l *«*«l lltrtn.Kli 

April. Almost all were of low frequency will, 

tiergcm onsets, a similar paiiern to ilnt * 
seen in March. Between April I and 12 daily 
eaithquakc totals commonly ranged Irotn I J 1 
u 8 increased i» H-12 events pc day April 

8 nrr h ? d, '°l , l 3c ! 1 sll Rl"ly to mi average „( 

8 per day through the etui of the month ] 

Mir face and avalanche events showed a si mi- v 
!ar l ,alleri1 - About April 20, sequences of i 


mumne. 

(•ropllisiis | logiain, Univcisilv of Washiim. 
l*Mt. Seal l [r, \\\\ US.\, ' ^ 

f 'Itiu ini i ,\Yic linhiin Pa . 

:;!“ r ' 

luKiigiiiiig srisinu i,v. [HMsilily inriicatinv 
.hi niipiniii m lln- iumi fniure. awihud* 

M yu? April and im ludcil periodsof 

voh.mii Menu n. Amplitudes of discrete 
events we n- grun.dlv low. altlnuighaib- 
* V *" i'y i" .imptiimles was appar- 
ent. Willi a period ol ulioiil H— I f days. Dai- 
. ‘‘in • I iq i i.ikc toi.,1% im leased frum about 
000 to ahniil 1.100. 

All, -i lhe Maul, 21-23 seismic crisis te 
Iasi llioiilli's Itulhtin), L r lawiin’s seismicity 
showed ., fairly sicady decay, reaching a 
veiy low level in e.ulv April. One clear A- 
t>j,c event was renirdcd on April 7. Ann 
seismic irisis, piece, in I |*y a lull about 2 h 
long, began on April In al ahmii OSIO.Tbe 
iuiiiai, strong coniiniious tremor changed 

to ms tremor within a few 

In mi s. I be eniiie perind nf tremor lasted 
abiiui li h. Ahn ibis i risis, a steady dedirte 
was evident until April 17. Small A-type 
esenis writ- rcmdiil April I J - 1 6. 

( >,i April 17. 1 pel in, Is ol tieuiuroc- 
jui led. Aliei ahniil 3 li ol vei y low seiitnic- 
uy, ihc In si Itf'g.in ai hill. A disiiiict lull 
.ilsn pre cried lilt- ihird period. Tremor 
was mostly loniimioiis. with filial duration 
ol aliniu 280 miliules. hnlividii.il period, 
lasii-,1 almui 29-IOii ininutes and were fol- 
lowed bv ahum 1 b ul tiequeiit, discrete 
slim ks .uni riisioiiriinioii.s iieuior. Begin- 
"iug April 18 a gradual decay ill amplitude 
and lieqiicius nf on iim-ine ol the shocks 
was retonli-d. I'ossihlc sm.ill A-type evenu 
wi-ic i ■■ci u ded April 20-29. 

'No iiiiiisiiiil visible a, liviiy tliiwilv*- 
, oinpanied the M-ismit crisis. However, 
('jmiou ol one in more "smoke rings," 
s,,,, n lo l is,- i.ipidly lo ulxtui 500 n, above 
die Miininii. was u-|H,iie,l April 11-18. 

Blue vapour emission was seen April li 
Ula wiin’s usual while vapour emission, ! 
were iiindeiale lo sir, mg iliruugfimiL (he 
niniuli. bin in, leased lowaid die end.’ 
Informal ion Comati; P. I.mvensiein, Senior 
(■overiuiieut Volcaiiolngisi, Raluiul Volcano 
( )l»sei valory. |'.( 1. lin K 3Kfi, Ralmul, Papua 
New Guinea. 


Mctcoritic Events 

Fireballs; Kenya; Alaska, cent ml, Illinois. 

OH'goii, USA; mural USA 


Earthquakes 

Iiil'ormaiioii Couiniis: National Eartliip* 
Inloi nnitioii Seivlce, ILS. Geological 

.. ... .... .. neJliA 
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April 3 
April 4 
April 5 
April 12 
April 18 
April 22 


Magnllutlf La lilutli* l., 1 „ a i, 1 „| l . 


Depth of 
Focus 


8.73°N 

5.73°N 

40.06°N 

4.89*8 

27.86°N 

I4.9H°N 


H3.I2°W 

94.8|°E 

75.2U°E 

7H.18°W 

()2.20°E 

«9.05°K 


shallow 

85 km 
shallow 
107 km 
89 km 
10 km 
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The Road to Jaramillo confirmation of the Vine-MaUheW- 




hypothesis. . 

The amount of detail provided by 


Reviewed, by Henry Fmnkel 


* mc hiuuuul oi oeian proviucu 
immense. His source materials inclu de,. _ 
of the relevant publications plus rese®vj; 
proposals, various letters of eorreipOPO 


® Ameri «" geophysical Union 

, HDO Fbtldi Aw., N,W. 
"■sWBBten. D.C 20009 . 


w%-M0l ta Uie vVfthJn^ioEi, O.C, i m 
ISO .uui b, . 
tncnlMr discount ^ ,, ' 

$**h dl "8 drden are weES • 


snow. u rresn on William Glen has written a w u, , 

— * wfisSata 

iigsas- 


Ul U1LCIVICW8, IXIall/- Ul ' 

presently housed in the' Bancroft && 
the University of California) Berk 
book should oe of interest to pra 


, o '"Wim »remor. 






wub. an uui a ne or interest io pio 
physicists as wejl as historians, and 
phers of science, Because it is exit 
>n saentific detail, I i^tommeud tlu, 
those Interested in thp oventll reyoW! ? 
the earth sciCnces. Howeveiy I ftAVCf^ 

regervadon about the book fih'd-Jf J "~ 
ous disagreemenU with GJeii s»hlfl 


ous disagreement with GJep s^filf' 
ysls. I ydll take up my dlsagi^emen 
scribing the Scppti f 0 f 1 1. ' 




«.i(«iiik ine scppe n oi.iL.-.-. ., 
I;The-baifc text |sdlvldedihwth 
.Glen .first «JVersReyrioJ4^’ cf?ns|' 

; ita tic-mode; ma« spetyroTrie&P'fj 

pHw® ^ 


dating young naLs. I hr miihuI Miiiun. the 

larerdand most imp "it in tl„- Imok. dc- 

(aibihedeveluiHiu-nt "I iiuii-.isingh inure 
ouate lime sc.ilvx. Glen 1,,‘gins In mhisuIci- 
ing. but rejctiing ^ liwnru.illv insigiiilii.uii, 
Martin Ruitcii** 1919 gcipul.ii ilv ieveis.il 
liinf scale. He idler* -i highly ilt-i.iili-ri a, - 
cowl of the develop mcni ul the liuu- si.ilc In 
Cw, Doell, Mid D-dryinple, but gives a less ’ 
complete expliraitmi of the time stale's dcrel- 
opmem by their cm petit, »rs nl AND— Gk-ii 
considen only the two railv lime stales id the 
Australian group. His pmeiii.iiioii of die nu- 
merous lime scales developed by rile Mrnlu 
Park group is very good, lor lie div usses 
jooie of the incorrect assumptions and em- 
pirical mistakes which plug, led (lie 

Ilsroad lo iltc Juramilli t. In afldiiimi. riimugli 
his various interviews lie brings to lib- miuli 

of die controversy (be isued in iis ,n- 

tempt to begin the piojcu. 

Toe third section of the hook tlt-als with 
tbe application of the lime stale lo ilic El- 
tanin- 19 profile and ihejuaii de Fiua and 
Reykjanes ridges. Glen also traces the devel- 
opment of thc Vine-Matt hews- Mnrtey hy- 
pothesis by Vine, and lonsidns I .a wi cure W. 
Morley's independent presenlali the liy- 


pothesis. He argues, quite cormily, that tin- 
hypothesis should lie rrl'ei red in as tin- Vim- 


hypothesis should lie rrl'ei red lo as tin- Vim*- 
Matthews- Morlcy hypoiliesis i .idler lhan sim- 
ply as the Vinc-Matthews liy|Hiilu-sis. Glen 
considen ihcdcvclopnu-nl ol die revet sal 
lime scale by Neil Opdykc and his .stiidenl.s al 
the Lament- Doherty Geological Ohsci valors 
along with a ftiirly detailed auniini of die re- 
ception and eventual acceptance of the hy- 
pothesis by those at Lainom-Dolicrtv. 
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room 11 . 1 , — . - -- - 1 - it-, i.-si-iiiii, 111 i 
s|, 0f | ; ft ' r,,l |»Miiii is .tin, guinii-d II, 1,-n- 
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tH 2 e siH^ DeCp " l0w ' kigh- resolution, 100- 
ered Sonar dala have been gath- 

?.“ lr »r j?" 1 


physics 1 co "rtesy of Racal Geo- 
vidtnn !._ nc ' ^he detailed imagery is pi 


viding Iiew ''"l uela,| etl nnagery is pro- 

m ^pholog V P tK 1VCS 0n tlce P' sea fan 
swatli a-*”' . ne "gore is a sonograph 

a Reid 350 m wide showing 

f haiinel forrns or ‘sand waves' in a 

^ d i!th,rT a r ler 2480 m dee P' These • 
0 houi 9 ft ^ Matures have wavelcngdis of 

1 m ; ihey romi! ,ei p hU oF ■PP"W™»»e | y 

with a variM^ 1 ?! 6 , Ca,,zed areas * n,oi1 8 

the floor or .u° r - 6l ler bedform types, in 

r n ii. ‘ 01 the Klniinn* ^l.„„..=l .. . 1 . 1 . 1 . 


floor «r Ik ■ —.iwmi I;vsai IH 

follow* ih« 1 . 8I " U0US channel, which 

bas widths i?! Q f [! he fan ' The ch3nn ® 1 

m.Th.«i° f2 “ S N and rdief of 30-40 ' 


m. The eZ . Km and relief of 30-40 ' 
generally • nlflt * on of die bedforms'ls - 
ttu atidr!!n rpendicularto the. channel..' 

(arrow) TT,?, C inferr « l d *reclton of 
Tor th e rhs I' . i 10 i ,roc ? s *? 5 responsible ; , 
’edim-n, c n nQ , a,ld associated bottom , 
jjauing studv^/psi!? con-' V- 


In tin- epilogue he summarizes the overall 

Imim y iiinI ends wilh several appendices in- fh^AWi , ,naccurale P iclure of j«« how close 
, luihtig a IhtcI itcciuiit of some of ]. Tuzo m iltS gr °- Up *“ 10 dlscoverin g »he Jara- 
V lls,rt l s ViU b*us emu ibutions to the revolu- 5, i , t * uesdon dul Menlo 
*" -1 ' (Soc i 'lwlan [1989] for a broader treat 1*^ gT °“ P j g r hlfull 7 d “crves the credit they 

MIOM). roaaer treat- have recetved for discovering the Jaramillo 

and providing Vine with a basically correct 

Detail vs s * cale - TI,at (hey were the first to put the 
A . ,,|W lem boundary between the Brtmhes and the Ma- 

My general reservation about the book oer epoc,u a . L °; 7 y«rs and dcsig- 

tauis m the relative amounts of historical pol “!j ,ty changc as the evenl 

tail nminarcd to the nttthodolnoiral an a 1 ,;. S J®”"! 1 ! 10 at around 0.9 million 


Detail vs. Synthesis 


My general reservation about the book per- 


tains m the relative amounts of historical de- p °. 1 r 1 ,ty chan * c 35 lhe evenl 

tail cuniparcd to the meihodoloBical amt nan,ed fhe jaramillo at around 0.9 million 
'«*■» i*Wl« Glen fe lhe tolu P™ are known. 

Hmd trtjnramilh is very dense with regard To do«Th^ ANI? “ ^ kn ° W , n how 
specific I actual information but relathSy tZln cH f° Up w " l .° J aramiUo - 

hglu mi synthesis. This makes it somewhat toOn ? ^ lo J ? r ° m,t ! 0 18 opposed to be a 

‘ I illicit It fur the reader to discern what oc a "°! lnt of the d evdopmem of the 

'•urrcil. and 1 Iwlieve that the book would ANn ‘ C ^ 1? e * 1 1 ? aler work of lhe 
have been improved if Glen hid diSii i nc,udcd - 

2? ^ were publisl,cd unlil afier Lhe Dolll and Dal- 

I tri tv cre3S Iri M rad,t f eInc p ?: fyraple paper on the jaramillo [Doell and Dal - 

atilj reversal It me scale, I have three speafic rymple, 19661. In the third paper they oro- 

( ' lcn * f“ oll ”^TI.c r,r,i poT d ,h c cxincncc „f [he clKcm. Sn ad- 


u-rtis (.lens major thesis about the inipor- 
l ;t lice of the time scale in the overall revolu- 

nil confirmation of sea floor spreading 

and the Vine-Mat thews- Mnrlcy hypothesis 
(hereafter VMM). The second pertains to his 
discussion of the contributions lo die lime 
stale by those connected with ANU. The 
third deals with his assessment or Martin Rut- 
ten and his time scale. (See Frankel. [1982] for 
a somewhat different account of the develop- 
ment. reception, and eventual acceptance of 
the Vine- Matthews- Morley hypothesis.) 

Glen’s major historical thesis, although nev- 
er stated, takes several forms; in its must 
grandiose form, it is that the discovery of the 
Jaraniillii and subsequent revet sal lime scale 
was the kev to the revolution (p. 2). Surely, 
this 1 annul lie Glen's view of the matter. The 
major keys In the revolution were conceptual: 
I larry I loss’s idea nf sea floor spreading and 
its two major theoretical corollaries (namely, 
VMM .itul Wilson's idea of trails form faults) 
ami the Iran simulation «,f Wilson's idea in a 
sphere with the development of plate tecton- 
ics by W. |. Morgan and D. P. McKenzie and 
It. L. Paiker. Elsewhere (p. 139), Glen states 
dun the "l.uumillo" lime scale was the inaslet 
key in v 111(11 tiling VMM and sea Monr 
spreadiug. This again is nvci statement; the 
HHifiriiiaiinii of sea Hour spreading rie|tend- 
eil upon the tniilinuaiiou limit nl VMM and 
Wilson's itlea of Hails!,, nil faults, while con- 
liniiatiuti ul Wilson's idea was independent 
of the Jarantillo lime scale. 

Perhaps Glen's diesis is that (he correct ni- 
di, iitici ric reversal lime scale was die key in 
confirming VMM. However, this also is iimir- 
rei t. The discovery nl the jaramillo by ('.ox, 
Doell, ami Dalrytnple allowed for determina- 
tion of constant sea Hour spreading rates. 
When Vine ami Wilson initially attempted tu 


file— F.lianin-19 — which provided the master 
kev. Indeed. Opdyke and Pitman didn't even 


key. Indeed, Opdyke and Pitman didn't even 
know about the discovery of the Jaramillo be- 
fore they were pretty well convinced of the 
fundamental correctness of VMM. Moreover, 
they didn't need the Jaramillo, discovered 
through an analysis of deep-sea cores. 

This point may be made in a slightly differ- 
ent fashion. Glen speaks of the serendipitous 
use of the time scale (after Cox) and says that 
"no one dreamed of what was about to un- 
fold" after discovery of die Jaramillo (p- 20G). 
Bui this is false. Vine knew what would un- 
fold, and immediately unfolded a constant 
spreading rate. Opdyke, upon seeing EJranin- 
19, knew what a correct time scale would 
yield, and he and his graduate students got 


yield, ana ne ana ms 

busy on the sediment cores. Imagine If Mor- 
1 ... uk u»u r.arev. and many of die di« 


ley, Wilson, Hess; Carey, and many of die di- 
rectional paleomagnetists (such as Irving, 
Runcorn, or Creer) had been tok} of the Jar- 
amillo- They too would have known what the 

discovery meant. OF cbune ( .wh?n Gox. DoeU, ■ 

and Dalrymple began their research, they , 
had ho reason to know what would unfoki. 

But things were different in ,the 8 pnng^f 
1965. There was VMM and Vine and Wil- 
son’s Initial analysis of the Juan tie Fuat W4n 
a non-uniform spreading rate. . ^ - • . 

Glen’s overall thesis make* ,t •PP»7f* 
his book covers jhe evfents lead ,n 


and Wensink, 1966]. It was received by Earth 
and Planetary Science Letters about a month af- 
ter the publication of the Doell and Dalrym- 
ple article. The second paper, which discusses 
their recent work in Victoria, was received by 
the Journal of Geophysical Research on March 
24, about 2 months before the publication of 
Doell and Dalrymple's article [McDougall, Ail - 
sopp, and Chnmalnum, 1966]. 

The first paper contains the first published 
version of their third time scale and discusses 
their recent finds from Reunion with refer- 
ence to the results from Victoria [Chamalaum 
and McDougall. 1966]. Unfortunately, there is 
no published daLe of reception and it would 
be of some historic interest to know that date. 
According to McDougall. the Reunion work 
was clone in 1964 (Glen, p. 218). The Doell 
and Dalrymple article was received by Science 
on February 2, 1966, ahl tough Dalrymple dis- 
cussed the possible discovery of the Jaramillo 
in November 1965 at the GSA meeting (Glen, 
p. 262). 1 don't knnw whet her iIil- ANU 
gioiip had submitted its third time scale lie- 
fore the Menlo Park group preset, ted its time 
scale remaining die Jaramillo. But it doesn't 
really nutter. Wlmi is important is that the 
ANU group constructed its third time scale 
quite independently ni the jaramillo discov- 
ery, and that this lime scale was almost cor- 


Tlic ANU group reported results from 
three groups uf lavas from Reunion. The six 
samples from the first group ranging in age 
from 0.43 ro 0.58 million years had normal 
polarity. These results were important for 
further establishing normal polarity up to 
0.7 1 million years — the corrected dale for die 
Bishop Tuff. The third group provided addi- 


delcnninc ilic spreading rate for (lie Juan dc 
Fuca ridge iiased upon the Mason and Raff 


tional support for the Olduvai evenl. Howev- 
er, it is ilic second group of lavas which gen- 


profile of the ridge, they ended up with an 
uneven spreading rate. Indeed, this was n 
problem, mid Vine wasn't fully convinced or 
his hypothesis until Brent Dalrymple told him 
nf the discovery of the Jaramillo in Novem- 
ber 1965 at the uiiminl GSA meeting In Kan- 
sas Gity. 

But, the master key wasn’t the correct ra- 
diometric time scale; it was the profile show- 
ing the symmetrical pattern of magnetic 
ntiointilics around the ridge axis. When one 
turns to Umoni-Duiierly, again it is thc pro- 


er, it is the second group of lavas which gen- 
erated the most excitement. Five of the speci- 
mens. ranging in age from 1.07 to 1.18 
million years, had reversed polarity. But 
three of thc samples, located on the road to 
Taknmada, dated at 1.01 million years, had 
normal polarity. Their discussion of the re- 
sults contained lhe following: 

These data suggest lhaL either the 
boundary between Brunhes normal and 
Matuyama reversed epochs occurred at 
0.75 ± 0.07 m.y., with a short interval of 
normal polarity (dial is, an event) at close 
to 1.0 1 ± 0.03 m.y. and the reversed polar- 
ity of rocks dated at 0.81 m.y. [data from 
Victoria and France collected by the ANU 
group and discussed in their next article] 
records an event in an otherwise normal 
epoch. Another possibility is that self-rever- 
sal is partly responsible for the somewhat 
confused piclure. Clearly many additional 
data are needed in the age range 0.7 — 0. 1 
m.y. to distinguish between the alternative 
explanations [Chamnlaum and McDou- 


expianauons ic/mbhii 
gall, 1968. p. 1214]. 


This passage warrants comparison with the 

corresponding section of Doell and Dalrymple 

[1966]. 

The placement of the Bnjphes-Ma- 
tuyama boundary, is more or less arbitrary 
In view of the present data. It could be • 
placed between ®-9 m.y. and 1,.0 million 
years ago, in which case the three reversely 
magnetized domes with ages between 0.71 . 
and 0.73 million years would represent a 
reversed polarity event in the Brunhes nor- 
mal epoch: Ur the boundary could be 
placed at 0.7 million years ago with ^D057' 
arid 3XI87;repreaenUng a normal event in 
the Matuyama reversed epoch at about 0.9 
milHod years. For purposes of stratigraphic ' 
correlation, 1 the last transition of bdlarity 
wlll. undoubtedly be tfi? mpst useful, gnd 
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reversal of 0.7 million years. BoLh groups re- 
alized iliac they could designate (he more re- 
cenL change as thc Brunhes-Matuyama 
boundary with die earlier one as the locus or 
an event of normal polarity within the Ma- 
tuyama, or place the boundary at I million 
years with an event of reversed polarity al 
about 0.8 million years within the Brunhes. 
The ANLi group chose to wait for more data 
before deciding, while thc Menlo Park group 
endoised the first alternative despite the fact 
that they had no more or better data lhan 
those at ANU. 

If the ANU group had opted for the first 
alternative and derided that the samples 
Tound on the road to Takamada indicated an 
event, Glen's book could have been entitled 
The Road to jaramillo and Takamada. But they 
didn't, and Doell and Dalrymple threw cau- 
tion by the roadside and named the second 
change as the Jaramillo because it made more 
stratigraphic sense. Thus, both groups discov- 
ered two reversals in polarity. In fact, the 
Menlo Park group discovered when the event 
ended, while the ANU group unearthed 
when it began. But the Menlo Park group 
was the first to name the evcnL anti stipulate 
the epoch boundary at 0.7 million years. 

The ANU group deserves more credit than 
they have received, and certainly more lhan 
what one would think from rending TA# Road 
to Jaramillo. To put the point somewhat dif- 
ferently: If Vine 1 1 ad spoken with one of the 
ANU grou], about their discovery lieforc 
speaking with Dalrytnple, be would hare real- 
ized immediately that sea floor spreading had 
occurred al a constant rate along the Juan dc 
Fuca. 


Rutten’s Contribution 


My third disagreement with Glen concerns 
his generally negative, albeit ambiguous, as- 
sessment of Martin Ruticn’s contribution to 
the development of Lhe radiometric reversal 
time scale. The first time scale was developed 
by Rulicn. Riiitcn, rate or many Dutch earth 
scientists who played significant roles in thc 
overall revolution, attacked a number nf 
problems from different subdisriplincs 
throughout bis career. Like manv others who 
played crucial roles in the development of 
continental drift and its more modem I out is. 
Rmlcn is a generalist. Glen nn. el v explicates 
the development of Rut ten’s lime scale, but 
he considers his effort premature and doesn't 
include ihc time scale in the chronology oi 
1 base leading 11 , die Jaramillo lime scale. Glen 
describes his field work as simple and hur- 
ried, but also characterizes his work as astute. 
But Glen is quick 10 quote a rathet damning, 
yet unattributed. comment by one of Rut ten's 
coworkers, alleging an inability by Rtrilen to 
understand the i ethnical aspects of palcu- 
magnetism. 1 find this use of uiiauribuied 
quotations disturbing, especially in this con- 
text, where it is used to denigrate an individ- 
ual. 

I think that Rut ten deserves more credit 
than Glen is willing to give him, and that his 
Lime scale should be considered as the first in 
Glen's chronology. Rutten came up with the 
idea of developing a radiometric reversal 
time scale. As a generalist he was perceptive 
enough to see that combined research efforts 
in stratigraphy, paleomagneiism, and radio- 
metric dating might produce a time scale. 
Moreover, he w'as ingenious enough to attack 
the problem without using sophisticated 
equipment. Armed with a field compass, ex- 
pertise in the field, and knowledge of the lit- 
erature, he developed the first radiometric 
time scale. Moreover, as Glen points out (p, 

] 39), the Menlo Park group was “especially 
dependent upon Rutten's data" in the con- 
struction of their first time scale, and I would 
add that they continued to cite Rutten's find- 
ings in further time scales. 

I consider Rutten's. work good, innovative 
sdepce. Glen finds it curious that Runen nev- 
er directly communicated with Curtis or with 
Evemden — the ultimate source or his radio- 
metric dates — and that Rutten didn't contin- 
ue developing time scales. Glen suggests that 
it was because Rutten realized “he personally 
lacked, and could not gain access to, the .ca- 
pabilities in radiometry and rock magnetism 
prerequisite to such an effort" (p. 139). I ; 
don't; find Rutten's behavior curious. He • 


couldn’t gel the needed sophisticated equip- 
ment. J don't know whether he could have 


;galned-the appropriate expertise. But, why 
should he bother?, He knew (lint others who 
had the equipment were beginning workioh 
the problem, and he already had worked’ out 
the conceptual relntiotis among stratigraphy, 
paleomBgjnetlim, and radio) net ric dating and 
had constructed the first time scale. Rutten is 
indeqd a generalist tri geophysics; not a spe- 
cialist in some branch of it. He; correctly un- 
derstood his role as a generalist. . 


„we therefore prefer to assign the epoch 
boundary at 0.7 million years. Accordingly 
here nplpc ,Uie j’jartmiUo normal event" 
. Ffom (h« present data ft is not pdssl* 
blC to tell whether the^ intermediate direc-' 
tlort>epresents“the transition to or from 
jarWrU'lp normal eVetu, nor, therefore 
whether, tfife event occurred just before or 
jpsL^ftCr 0.9 million years agtf [Doell and 
1064? " . : ' ■* . 

1 Irhiillon jytpi&r afc fo.a<i&i 


Lessons 


!jo n)ucji for dbagreenients. rjfhercaro two , . 
methodological (‘morals" that Glen iduches . ' 
upon' in his book' which should be of Interest 
to .readers of Bos. (l}.Adthi(iulrator|,pf . rela- 
tively. small research urilts with linti ted fund 
mg should n't. embark 'upon, research pro- 
grams Already under way at;largcr itistiui 


grams kl ready under way at-largcr itistitu 
dons with 'seemingly unlimited Funding; they 
s in new pfoas which 
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Nowhere is this methodological moral bet- 
ter exemplified than with John Jaeger at 
ANU. Jaeger pioneered work in heat flow. 
When he took over at ANU he hired a num- 
ber or young researchers in peripheral areas 
of geophysics. Glen cites a wonderful passage 
from his interview with Ted Irving which ex- 
plains Jaeger's rationale. 


When I'd just arrived there, 1 asked Jae- 
ger why he appointed the people who were 
there. One of the sta IT members was a geol- 
ogist, one was an engineer, and there was 
mysei r, a sort of geologist rum geophysicist, 
ana there was himself, an applied math- 
ematician who was supposed to be running 
?,H P ! ,ysics dep^Nent. He said to me: 
WelU it s crazy to get into the classical ar- 
eas or geophysics.' 1 that Is, seismology and 
gravity and geomagnetism, the classical tri- 
pods of geophysics, "Ijecansc if you get into 
the field you need enormous amounts of 
money and at least ten years before you be- 
come the least bit competitive. So what you 
should do is get into areas where people 
arent. [Glen, p. 81] P 


Given the present state of funding for basic 
suence. Jaeger's example is quite appropri- 

rcsearc, *P whh oxpenise in vari- 
OHS fields, or generalists, around when un- 
dertaking new research programs. This „ - 

methodological moral is particularly relevant References 

£ sin “ 50 ■“* problem, in 

the canli sciences arc vulnerable to attack 
from many subfk-lds. 

nvnJ.I?i roaa * ,,uinen,M ® examples front the 
oscr.il! controversy over continental drift 


which substantiate this second moral. Arthur 
Holmes, for example, was well versed in geo- 
logical and geophysical matters, while Sir 
Harold Jeffreys, whose accomplishments in 
developing a model for the earth's interior 
were monumental, cared little about geology 
and failed to appreciate some of the geologi- 
cal advantages of drift over fixism. Hess was 
accomplished in areas of geophysics and geol- 
ogy. Vine was a pelrologist as well as a geo- 
physicist. Irving, the first among the British 
direct ionalists to realize die use of directional 
studies for testing drift and to combine paleo- 
magnetk and palcocliniatological studies, is 
both a geophysicist and geologist. Carey is a 
generalist. 

All of these individuals stand in sharp con- 
trast to many who opposed drift theory and 
sea floor spreading. Maurice Ewing was a 
geophysicist. Heirtzler. Le Pichou, and Tai- 
wan! are geophysicists. So arc Mason and 
RalT. Those without training in geology were, 
unlike their more geologically knowledgeable' 
competitors, unable to appreciate the geologi- 
cal advantages of VMM anti sea floor spread- 
ing. It is no accident that both groups con- 
cerned with the development of the reversal 
lime scale were composed of individuals who 
knew some geology and were adept at paleo- 
magnelism or radioactive dating. Then of 
course, there was Rutten, a generalist of the 
first rank. 


and (lie age of the Rnmhi-s M.iim.iui.i 
boundary, .Wmr, 1*2. Idiiii |iif» | . |«iiii, 
Frankel, II., I In* developim'iif. i ci i-jmiiti. 

.mil ai'iYplanrr u! the Vim- M.illlii-ui 
Morley hypothesis, Hi\l. Shi, I rti \ . .S,i / l 
1-311, l!lrtl!. 

Landau, II., The im-lliiid ul iiuilii|ili- wnikun; 
hypotheses :uul the ilt-vc-li i] mic-ni ■ ■( |i|.n ( - 
Lccicinii- theory, in Sfimhji, />!„,.< , n r,/„- 
Studies, edited liy T. Nit kies, pp. .11 1 ;t |.|. 

D. Rcidd, Bostiin, 1*181). 

McUougail, I., II. I,. Allsupp, .mi] p || 
inalaiin, Isottipic dating ul the m-wei ml- 

rallies of Vieinria, Ausn.ili. id ge..m.,g 

netic pnlar it v epm lis. /. f,V,i/,Ai.. Hr, ?4 
6107-6118, lUfili. ‘ ' 

McDmignll, I I H. Wciiiiiik. I'.ile, ,e- 

lism and giix lmi|Kikij>v nl the llt.xcm 
Pleistocene lavas in Itrl.iml, Faith Rlmut 
Sri. Lett., /, 232-236, Uuiti. 


HtmyFsankel ii with the Hepastmrnt .,/ /■/„/,,, 

°/ h J' City. Km 

City, M() 64110. Research m wkuh this »ri h«- „ 
partly based was funded by A fSF. 


New Publications 


hems listed in New 1'ul.li, minus. ,i„ !„■ 
ordered dneulv limn the pulilMiei; tin s 
not available tlmuigh AGU. 


Chamalaiim. F. H., and 1. McDougall, Dating 
geomagnetic polarity e ( iochs in Reunion. 
Nature, 210, 1212-1214, I9G6. 

Doell R. R., and G. B. Dalrymple, Geomag- 
netic polarity epoch,: A new polarity event 


Industrial and Sewage lliufei in the Ore, in, I. W 
Duedall, B. Ii Ketclmm. P. K. I'.irk, and 
D. R Kes rer (Eds.,. Wastes in tin (Kean. *4. 
I. John W, Icy. Newark, xii + .31 

StiiiclernisiMi, and W. 
Lenz (Eds ). Springer-Vcrlag, New Vork 

xviu + fif)3 pp.. 1983, jm. R 


f>/vi , " , ..i, ,,/ , ii,„„ ,v w ,. .. . 

I lr mine. <»»■/ 1 «.i/, u.. 9N W, 

Ih'inlni ks tl d« t 

'''■ '* m - 

fr I .7 -b || . 

Miuint.iiii I'ic, Mi <ui in ' r inifi 
III..,. In- .1,,, I I (nio'-J: 

..I ihd. i,i,i. 

rmuml, , . lHlimi|Ul/lrft 
.»»./ hrlutf.l ACrJ', 

"/./n in . i/ i, , K Cnrlhs'rhe^^ 
Nniii.rli.H.k I'lnji-ci, (;|ru A,„, roi ... 

IW» p|* . I'in.i. s 1 1 .*»■». ’ nt 

S,„. W S, Blue, ker a, l( |T., , 
••tig. I .unojit.lM,,.,,, tin, logi„| Ghent- 
ion. ( nlittiilii.1 I'mvenity. i'.ili,j,| e , 

?"«k. MI t tiliu pp , pjgM ' n 

Clbmi Stnimnltr, llvlimihts 

ol i lie 2nd hiternulionalCon- 

< i erne »n l-ilun Sioini Drainage held at 

e 'i 1 W L L"" 1 ' ,5i * ,!l - HWI.SuC.ftn 

(r.d.), \\ .ilci Rrsniutes I'lililirjtinm, Lit*, 
ion. ( .1,1,1., in | } ®i-|7 pjgg 

r,h,„ Mntminitn (>„„(, t\. Management and 
l tanning. I'lm , e, lings o| the 2nd Interna. 
lioii.il | t .[ „„ | Thau Storm Dram- 
■«g«- 1 iHi I .tl I'iImim, III., June 15-19. 198] 

B- Ji’ii (Eil.l. Water Resources Publia.’ 
Hons, I itlletoii, Colo., viii + 593 nn, [<$ 

I '‘iiui. D. \f. | lumen, I.. Colin, T. M. Dwu- 
bile, and \' I Mom/ (Eils.j, Univenitvof 
Ihess. I'm son. viii + Il43pp.‘, 



RATES PER LINE 


11 > | 73,.d.liiion- 

Amiable, Sendees. Supplies. Courses, 
and Announcements: run imonion $3.50 :ta j_ 
oitiunal rnwrtnjiu 52.7.1. 9 1 

Student Opportunities: (,nt iii^ni,,,, f IlT 
iionaJ impnioiH $1 .50. 


To 


Research AjRjciite/PeLroirraDhv p-i 1 
join a research eiTort aimed at *1“ 


prbl u, SSS^SSS! ,,, ^• 1 KccL 
JSSlt-b ^ " - mbers sh0,lld ■* 

lull. D. L 20009. 1 

42?2V««^ Crin t r T.f ,i ? n ' taJI 10,1 free 800- 

SSg. Wl ,hp Wiuhin «‘«n. D. c.. arS. 


of the SEM anS C cicctro^ > |^ e c skil!e ^ i . n ,I,e *'« 
da« will be candi- 

early autumn 1983 ^ P ecle d in late summer or 


Phan “ rh ydr s , Unlvcrai- 

lrnmm~0 

Sim Earth Exi*,rer anll ViMuJ, it, "['.""“l 
must have a 1*1,. n. *■„£ 'JJ 


Steam** s 

opportuni- 


Kr search Astucialc. 1 1„ Si.uilnrd Utmeniiv 
7 1,1 ih s ' n in . % .1,1,1 the (Vnicr for Mai 

1 1 M,l ‘ suciist for ai 

111 i 1 . 1 l '{iii-i'-WMt .ipjiiiinoiiriil I-- -laii .iiiurcxinu 

\ I IWI Wlmw ,l'S| l .l„S,hl|lli..| Vill iiulu 

,■.,■.■,.........1 ....... vm. 


I. I I .!« , Mil'll,- K-NllOIIMhllUU-l Kll 

ni,i lull*, ,,uiir >>l .1 11,1, XRI- 

Mtn i.n 1 l,o 


— — .... Explorer a.._ 
m^hysksul^^ 


t-J S„|>i-,ush,|, 1,1 .1 1,1-w KM :.\ 1(1(1 1, (iuinrr.il 
1 *) 11, h r. „ nun s* ill, mil ,.>pi,.iii' 1nh11i1i.ini 
"(■Iiiiii/iii^ uihu.iic i.n m,., i|, in,, ,|| .,|,|,|i( uihins. 

iJiiiii i mil i, M ii„|,. 11 . uiiiiiu 7.11 nil v ami smda 
11 " «!"• Mil . .Mil). . 1111 if | SCA. Inn ma srr 


iaiiiiliai i" 1 ' lhc ,l,,ni1 ^ "I ilu.f n -fc-i li’ 'i’w’V '"I” I wv will train 

Dcnarim™!, 1 t f l S. i> J*l i * llJII|,s wo| k 1"; D.A Ihiin.'ii 1 ' K ,k, »l «*. ilkine Lnnwk'iluc (*f Dfi 

skv P ur k wa pi,v *l" » n »l Asu,„„ai,y j j, . , , ; 1 1 1 ‘onij.iii.i, ( 1 1 m2. 1 1/2;5, I |/:U) upt-ial 

"Ksn ■' “M2. .Sr .."1 \\ I"" ill. I ,il Blfm 

n-i . /■ . 1 I, tl , |l|l II! | .I1lllll.il,, Iv ,‘U|.,III , I A III, ,11, ill, u-|. F 


. . .iKII. .,,1,1 I'M .A, lull lint if 

"'Hi. t \|u iii-i|i(. i ,j I, -i .ii inn c.| XRE, SRR. 

■j 1 t-U-i ii.in inn i Min, ,|,i. i I'ljiiii.'il; we will main 
MU' ESCA. A li.... I...I oft 


•T*.S1 T IONS A \'A I LABI.F. 


& ° r T fe’S* 1 " 1 

iW Scicn<W - ' n " 1 ° f . C ? e ° 

orchaimian. iu be aoDoinhlrf «l° n * l *^ c posawn 
=> dynamic '?«■ We 

anti an appreciation (nr talem 


ai the Associate or Auistam Pp*iiion 

Me at Arizona S, a 

>«ch withm lK SS„ m ' C r3 ^ »nd wil 

record 


any c 

355-3527. 

cqua| C up|"jn inliiV lliujik^r, 1111 ■ ,1,ll " uliv f •'« 


- ■ I i"l IH* II IIH 1] ilIHI IH ri'KJCin 

li'vi-J ni<igi,i,uin a ,i f i rsn>||t|,||. Although ttrfl 

ili-i] ill,' 1 1 ii tin ,ism„ Lit ii I wjih ihii new (Q 

m, 'in will , nun null- ,i luil-uii ii- jolt Ini a vear« 
«'«■ pi, 'In I'li. II.- Irii'l ,i p| ilii .inti win, desire 
■Ho In ili'vrliin ili.-ii , i i'hi'.i tali iimirr.illl I 




r dc«™ In K54S™S , i r , S'* ■ 

orach, evemem and publication in ' ? t ? co, 
electron microscopy and knuwfcrf™ g r ™ ol,,llon 
•uqiitt such as micraanaJwkTnfti °L r ?ii a,c< '«h- 

“ C S e _ d,hai aiaxSSKSM 


M ■ i nieiii c 

Dyiia.Mlcs tS 1 .,:" ( : «‘>]*hysi« .,| Hui.l 

ilnfi. • 


.. I’" '• 1 ini*.- ,i p| >lii ami trim dc 

■Hit m i|, i i( a iu|i |] in , |,. WJ |,|i (irogr, 

|iii]iinii| wills .Si.uiltii.l ut'oJiigv lanillv. 

M.iThhkI, llt'jMi iiiu'iif 


r.iin in 


sphere and die !' 'he .Hiihi- 


....... .... . „, x ..in m, hi, mil, | li'J >,il t IllL'Ill 01 ■ 

K). Sianlmil I'nivmliy, .Sianfui,l. CA 1M3IB- 
Maiihiiil Cuivi-isiiy is .m i-ipiid ,>p|K>i luniiyt’ 


l nal iv," ,u ii« in ,-in|)|i ■> «-| . 


and an appreciation for ,a,en 

ed educa iionaJ anivitics p 5?¥ CM «bl. 

wr level and no restrictions kiS P™ f «- 
jas of spec ialuaiion. The ^ wn - P* are *l on ar- 

12 Faculty and an cmph«S r nl P artive whh 

JT, 

»f ih™ reflKS™' rL1,ricilil ' m liiac »nd 
"Hah. S,.« |SSS3 „ 




diiiHlIun ;is well :>J ill. -isVlhlT imii- 


i « iiiiLraanajy 

pJications in 6 nme area uf™i d or i,s . a l J ‘ *'*(1 engaged |„ "riS, h » '‘ghniendmr 

1 he instrumentation of rh P r . r, usmu leer Reserved i„ 1 ,,si ‘ hm h « 

^ and will serve as rv rangSlS^ 


pe. AZ 85287, before A u Z gi ^ of ■« 1 “Sri&rif H'"> 

- 


iikhIH Ity iii.iximi/iiig mkhii'is uw »' »«* 
Il.ua. Mir I Hindi, I i is (,,| rmiri I'iil) or exp 
•'ii, <-<I Mn Iii iiM'ii iiinliigy i,| icliiird Held with 
a, live inn-ii-si |„ g|„|,,i| iniiui'i leal weather pit 
■" i. IVr ai i- cs|H', ially luif-i ,-jnt'il in indiviilujl 
X'ltM,' ill mu- ii ..I" ,l.o fi.lLiu-lmr arcJ 


P(lper 


s^“'SauS?6 ; 

PeparimemofCroiow in ‘he 

■bsbkt&s - ,*SfBa in ,ed - 

Pending OTquaSfiratPomai f d * rjr a . re “P®" d =' 


ary research pragranu ’ VEJ22 !* ? i,, J p '‘»» i|*lin- 
««rch In mctco.-oloAr 


■ ■ IIIIIIII llllllflll linill mil-- 

■dating, anuleuiir-style resear 
»• hi nl resume and names of 
ewis Kaplnn, Print i|,aJ Sdcno 
r.nvii ■iiiiiieninl Research, Int 
. r-....i.^i..„ »,a 02139. frf 


your ad on taroet. 


-i'( EOS 

■Vr-^ 


^™7 s » l "E 0 *-* , ep ro ven W , 
il_„ y° ur message across to 
these specially targeiid n3SZ£ 

. • Robin Little 
' Afvertlalng Coordinator 
fb(M24-2«B or 462-«903 (iooa,, 

v 4 a «<? hltthe bull's-eye with 
vourmessagel ^ 



i.ilftuil Professor/ 1 nstnir lor in Metenmldgy. 

Snutraber I. IW3 Dc|miIiih'iii ■ >1 (hr Fault Sn 
hu pniitimi jniinauh ii'mrini-il will, ihi- 
^Mne ol the svnoim* iii, i«-.*i a%|n .i|S\i h 


TViuCinsliil aj>|>lii am 'IhmiIiI aim i.,- i.ijMld,- n| 
ffyhtotnourHHMf i.niiwi in ail p. illiiiu hi iim-- 
.jdjflloty, advanced l.n. i.i'liiig le. hiiitjin-i. and 
«mpiiier appSratinns. Will also aisiini,' tin- iliio • 
unnip of ine < ■ollvgv Wrath, *i I'nilrt An .a inn I 
dortontcin McHiir,'l"«y nr allied held ptflriuil. 
hiihnrong backgiiHintl in iwiiqnn mrkio.il.iui 

and computer jp()lii.tii.ms. fxpriiriur in wi ailii'i 
faccailing and teaching dnir.ihlr 
A Icuer of appliuimn. mnnir, a in I tin re lei in. 
directly from iwen'mv* khmikl he mu m: i tilin' n| 
ftodijrandSwlI Rrlalionv lih I-Ihhi Ailininin i 
lion Building, Sintr I’liivrnin Cidlrgr. ItiiMipHi, 
KY 14420. Clming il.ilr Ini lcripi ■<! a]i|i|haiiiu,s 



May 31, 1983 EOS 




’ .( L f 


[fllf 10, 19M. 

Sale Uniwrsll) „l Nrw S„ik Culleu,- .u 
Bnxkport is an Fapial 0|i|niiliiiiili. ; .\jliiii>.niir A, ■ 
tkn Employer. 

Nidonil Museum of Natural Ilistury/Siiiitlisuiiian 

losdtuilon. Hie Ih'jui iini iii <>| Sik-iHii 

seeks applicants lur two U-iiurr-ii.uk irii'anli pni- 
lifliuon our j>rofr«iiiii.il Mall in miiii'iahigi, |u'ii ■ ■]- 
og)-, geochemistry, nr mrlnHilHi. Alihouuli jhiiiui- 
Df research oriemcl, the jnln will aim nu Iinli- \,niii' 
ln o h*Bcnl with other iiTi]im r.mi iiuiieimi liim- 
riom, moil notablv iiillc-tiiniii niraiiui, and.'iu iiiih- 
Bc education, pHriii nl.uly rxliilati. A I'li. 1 1. and 
bn»d iuiereils in ilk' gum leu, e.i air |)i rlrned. 
tawlmraentj lyill lx- inailr .it ilu- CS.| | lcv,.| 
(124.508). One jiiiuiinn avail.ihle iinmi-dLiirlt; mx- 

Million available after I. MIN I iwiih - 

Beiibiliiv in both sinning ilaln,). CI.kihu ,|j|r f n| - 
appjicau'ons Is July 29. MW3. 

The Depattmcnrs ciJhiikxii ul 

meiMriies. and tekliicsdtr .inning ih>- l.ngt-ii and 
finw indie world. Tin? DviMinm'iii is wrTl- 

equipped with modern anaiuital inn in- 

riudlngan automated dcuuiu nm mpi.ilH-. Close 
working relationshi(» wiili mher (nits >,| Washing. 
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Meeting Report 

High-Latitude 

Radiowaves 


g^hcmin^ a 7l L UOn w ^ ic,d 
MnSnS^i, f I ntl ‘ T ! eieQr ologymydTol 


I lie hist I nlt-rn.itif >n;il URS1 Synipusiinn 
utvcritig liigli-l.iiilinlt' radii, wave studies of 
ill,- .ituiuspliere f nun the mipnipliere to the 
ni.igiielnsplierc was held at the (ieuplmical 
Instil me: <ii the L'liiveisilv „f Alaska in Fair- 
hanks. August ‘.1-13. I‘JN2. The symposium 
was tin cued inward the new radio t« liuiqiies 
that have lieu, tlevelopeil. many in the past 
two or iluee years, lor probing the aumi- 
spheie limn high geuiii.igiietii laliludcs. 
These systems inrlude the VI IF Mesosphere/ 
Siia(iisp!i,'ie/['r<>pii.spliere (MST) radar, the 
l-iiriipcaii siallei ladais, a new general ion ol 
I IF digital ituunplierk suimileli. UK imin- 
sphcriL ‘heaters' and Vill : loIk-iviii ,,ljli,|ue 
kic-k-siaiier i.idars (S I ARE anil SABRE). 

Tilt: purpose of this URSI symposium was 
to present mid discuss results obtained with 
these new le, lmic|iies and to work inward 
pulling Ingeilm tnliciuil. iniiMMciil iikhIl-Is 
of a liigli-iatiiiidr ntmnspheiie sinwtuie and 
ilynamies using these new results. It also pro- 
vided an opportunity fur meetings of special 
URSI working groups. 

The symposium was divided intu seven 
niiiiisyiiijHnia and a dosing summary session. 
The sessions were as follows: Mocliliciition 
Expi'i iiiieiits; Methods of liigli-lntitudc Ra- 
diownve Reseat eh: .Solar Cycle Variations of 
the Iligh-lHiiitude Ionosphere; Kailiowave 
Proliiug of Boundaries in the Magneto- 
sphere- Ionosphere System; Uadiowuvc Stud- 
ies ol the Disiiirhetl Polar Ionosphere; 1’Iie 
Ncumil Atiimspliere; IiTegiilariiies Large 
and Small; and l''iiliii'c Directions. 

Many ol ilic results presented -aL this sym- 
posium, including the presentations given in 
the session on future programs, are presently 
lieing compiled for n special issue or Radio 
Science, scheduled for publication in late 

urns. 

This meeting report wa prepared by R. D. 

I luustickcr of Ike Geophysiral Institute, Universi- 
ty of Alaska, Fairbanks, AK 99701, and Ray 
Green wald of the Applied Physics Laboratory, 

Johns Hopkins University, Laurel, MD 20810. 

Announcements 

Collisionless Shock 
Waves in Heliosphere 

A Chapman Conference on Collisionless 
Shock Waves in the Hdiosphefe will be held 
in Napa Valley, Calif., February 20 7 24.1984, 
to bring together Interested investigators. 

The conference is to provide timely. impetus 
to the development of newly ehiergtng re- 
search and tci iriidate communications. and in- ■ 
teraction between scientists from related, Wl 
separate, fields- The deadline for .abstract^ Is ■ 
November l, 1 583. .. i 

The meeting will feature jutonqf sessions a i 
well ns invited reviews and contributed pa-. ; 
pers in 1 the following general areas; OverView 
of the collisionless ?hock, macroKopiq aspecU 
of shbckf, pkrippofa aspects ol ^sharks arid 

l ^£dtu^oSite be covered indudei'whK. . 
and where shtx;ks form.in the helibsphef^i , 

shock dynamlcsjmd evduUbnf shoc^^ssqj* . , 
ated.with solar aedv Ity,. planetary . 

co rotation shdejes, and <n<xk-shpck ,illww- .: ; 
llonjJ’Subtriticali supercritical, • • 

rh^meetfogwill m- -i 

• * aT df. 1 l 


adequate time for discussion. Poster papers 
will be encouraged and will be previewed and 
displayed. 

There will be no parallel sessions. All pa- 
|«crs presented should interest all attendees. 
There will also be a review and discussion of 
all poster pajier sessions. Ii is anticipated that 
the conference will provide the basis of ;i 
monograph on the subject. 

To submit a paper, follow the sum, l:ml 
AGU format published in the April :*». litttf, 
issue of F.m. Please send die origin.,! and two 
epics tu die convenor: K. 1,. Stone, Code 
’ B9n, NASA/C .iHldm d Space Might Clem or. 
(•rccnbcli, MD 21177 1 . 

I'ornul n> nil ic.uk m of .iLiepumcv will be 
ieiii nix, in 1 in, ,11(11 alter the ulistriu dead- 
line. Because ul' the .niliu|inie,| dein.iud, pa- 
jk.-ts will lie selected based mi their ick-iaiicc 
tu the- general cuiiterence uutliiie. 

The Pr, 'grain (. lorn mil lee is as In llow.s: Kin- 
sey Anderson. University ul California, 
Berkeley; Leonard Hurlaga, NASA/Godd.nd 
S|>ace l-liglu Center; Charles Goodrich. Uni- 
versity of Maryland; John Gosling, Los Ala- 
n [os Naiimial i.alx)iatm v. L. (iTcciistacIt, 
I'RW; Arthur Ihiiidhuiisei,. High Ahiiiide 
Olwervattiry: Keith Ogilvic, NASA/Guddard 
Space Flight Center; C. 1‘. Russell. UCLA; 
Jack Sniddcr, hTAS A/Goddard Space Flight 
Center; Edward Smith, Jl'L Caltech; Robert 
Stone. NASA/Goddard Space Flight; Bruce 
Tsiirimini, JPL Caltech; K. Peter Wenzel. ES- 
TEC. 

Limited funding is available tu support stu- 
dent travel expenses to the conference. To 
apply, write to AGU giving your ed neat iona I 
background, ynur reasons for wauling to at- 
tend the conference, and your research inter- 
ests. The awtirdeea will he selected by AGU in 
conjunction with the program committee. 
Deadline for travel applications is September 
30. 

All interested in attending and ill receiving 
later information circulars should write to 
Shocks in the Heliosphere Meeting, AGU, 

2000 Florida Ave., N.W., Washington, DC 
20009 (telephone, toll free, 800-424-2488 or, 
in the D.C. area, 462-6903). 

Multivariate Modeling of 
Time Series 

A special session entitled “Multivariate 
Modeling of Hydrologic and Other Geophysi- 
cal Time Series" will be held during the AGU 
Fail Meeting in San Francjsco December 5-9, 
1983. This special session is sponsored by the . 
Surface Runoff Committee of the Hydrology 
Section oF AGU. 

The purpose of this special session is to 
bring together Individuals from different dis- 
ciplines to discuss the state of the art and netv. 
developments In stochasric description dnd , 
modeling in rirtie (and/or in space) of multi- 
ple time series of hydrologic and' geophysical 
phenomena. /• - 

Several models and modeling techniques 
have been proposed for representing unlvar- • 
fcte and- multivariate time series wiih applied-. ■ . 
lions in hydrology and geophysics. However, 
evert when modeling single lime series iltere 
are still a nurnbdr o f u n resolved o r cqptrover- 
slat questions which liierjL further Studies arid 
discussions.' :' ; ■ ; ' : \ , 

This situation is cqmpoyhded whcn dealing 
with multiple time series. As thq models at-'; 
lempt to m<»n^raii more statistical features • 
of the historical tinriO series^ the niimber oF, : 
parameters increases; in (urn. the matheniai- ; 
ICS of th^i mildel fjecqmes curribers^ine and 
. the idetitificatiOn and estimation procedures - 
Uibre diffidiilL. Iffider these drcuiinsia rices the . 
testing of goqclness of fit of the. models is * 

, ni^re*coiifiplek “id .fhfe problejn Ofjiow.to 
deftl wilh; yarloifs ty^es of uncertalrities drteti, . . 
beromeS iinriirtpageable: ' ■; v 


Possible in] lies fm this special sessimi in- 
clude: in uLli variate mudcl ideniilication tecli- 
niques, para meter cstiiiuition piocvdincs. 
model testing and valiilaikm techniques, dis- 
crete and eiHil in in ms uindds, ARMA and 
nou-ARMA models, Gaussian and tum-lkniss- 
ian models, models with jierindic and mm- pe- 
riodic parameters, aggregation and disaggre- 
gation techniques, setisitivitv analysis, mudel- 
iug of tmccriiiiitiics, Bavesiau ami non- 
Bayesiau iei.liiik|iies > models fur tionsler "I 
information, models for dcieuicm <■! ilmnges 
and imxlcls l«,r data genei .iiiou and lorcc.ist- 
mg. 

A list rails, in si an da rd At.U luriiiai. slumlcl 
be mailed iu the session mgauizer: [use U 
Salas. Depart mem «>t c 'is II Lngiiu-cring. ('."Ki- 
railo State I'niv.. Furl Oillius, (Xi snvj:t 
The deadline is Aiigusi l.‘». l'.W4. In addition, 
die abstract original and inn copies ilium be 
sent u. Meetings, AGl’. ‘Jinn) FUuida Aieuuc. 
N.W., Washington. DU L'HOU't hv September 
14. Additional inturinaiiuu can be i,l,i,'iine,l 
from J. D. Salas, telephone (303) 4!>l-M4tiO or 
6047. 

Irrigation and Drainage 

Tlie 1 Stli International Congress on Irriga- 
tion and Drainage will be held May 28— June 
2, 1984. in Fort Collins, Colo. The meeting 
will provide an open fnriun in tlie areas of ir- 
rigation, drainage, and flood control. 

Among die topics for discussion are the in- 
ternational cooperation in water manage- 
ment; irrigation arid drainage or fine- tex- 
tured (heavy) soils and soils with shallow-, im- 
permeable barriers; irrigation and drainage 
of saline and alkaline soils; and irrigation and 
drainage of coarse-t ex lured (sandy) soils. A 
special session will discuss the impact of the 
energy crisis on irrigation and drainage. The 
theme for one planned symposium is 'New 
Developments in the Protection of Irrigation, 
Drainage, and Flood Control Structures of 
Rivers.' 

A product exhibition will be held during 
the meeting; study tours will be offered be- 
fore and after the meeting. The meeting is 
sponsored by the U.S. Committee on Irriga- 
tion, Drainage, and Flood Control, which is 
the U.S. National Committee of the Interna- 
tional Commission on Irrigation and Drain- 
»ge. ' 

For additional information contact the U.S. 
Commit tee on Irrigation, Drainage, and 
Flood Control,- P.O. Box 15326, Denver, CO 
80215. 

Geophysical Year 
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American Institute of Aeronautics and Astronau- 
tics and AMS-'(AI A A, Meeting Dept.; 1290 Ave- 
. niie'of the Americas, New Yorx, NY 100 10, or 
AMS, 45 Beacon Si. , 'Boston.' M A 02108.) 
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icctton Agency, Natiori&l Science Foundation. '' 
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School bf Civl| arid' Environmental Engineering. 
Comdl Unly.,. Ithaca, NY.M853.) 
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^•n-llvii i-./i;? (‘i-rp I- a **lr„s rt.-rmt t-„i 
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,r ^J. Zc,U. ..,-11..; I, .1110 

^ ^onc»' , I , t ,r -'"V-'l-i —I 

u, ‘ ‘■ •-'■l- ' Ml.... -ir-ivtl '/ u.w. ,1 

■“•niton o,!,’ h- w,„ . 

,, ' 1 «*Ud by thHt lurl 

“■Ukit ,| ri I, iml r.«n uih-|y 

?™i'«lr Jn b M * J"* 1 "■» 1 • Tl" I r,.,.i 1 1,1 1 11 V ur mvl, 

•wfurtw, u-ocSr :' J n " ,,lt nf tVr.. B .,„ ai „i 
• un„ t4] . , ” vln 'l tint fiiivnuil •irovH’, 1 wuvtm 

' J tu nlu * r -rr.WUv my, ., wlih 

wi,, t h J, It.-, luatnm 
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lurW^; , '" I ‘- ,VU » v.in.-jdr, u, | -r 

»• OroBii, Kxpnr Vfaj.', 

^^chemistry 

RIO Oci 

‘JUTtn-tsiijl^ the oL&>iphBro 

*fA I sai b UP^ T p i, ' ;:i0 ,N AFB01rfI *NU 
jJwmiM IU.S.*., SEM ‘-WM0Te SITE IN NORTULFLV 

S ^ te « Sngtneartng, 

Andr.„ U “ ,on - South C B rol inB 2B61I) 

••tswi'iatn' P t; 210 * snd pn -i)0 in pruclp- 
of the - — *° Milnote wet and dry 

ws^STSftrK ,lM - ,(,>c Jci»»)t)on 
All. dry d "„ “'""w fb. Pb-210. and 
«»l^fh*l[ l0r ° r Pb-’in f *°“ “*■ ,lao ‘nportant for AI.. 

°f fb ba B .j at “o»phern eppaarad ta 

,| bii!!'. ,ct| vtty C0 ;* , " lcy °f aoraiol 

Itey,^ 1 !** or leid/A? ^! ,nd th0 tionrty Identical- 
l »-2in ’ ™‘ l0# M ■ function of t(>». 

thal ph ??J! h0Ut ” llD * for Pb “i- 1 

•teas i» ,h |re,t «r emfuLT 1 * J**' 1 " 11 froo the fltoos- - 

Pfc-jJn 1 " Mwiol Ba„l!?!^ ,r . th * n rb - Slight dirfor- . 
'■“i vail* rp *P0niihi- B r r * attdn5fl,p * f° r Pb odd 


!h. , -T\rh , , ,, !! ,l T 8 31 " 1 btcckfl . and 

' i h ,‘ S bn " Bj on t,,s dlacrata frarrurr 
■-t-pr..arh. lm Metrical soldi 1 m, caehnloua# arc 

I'lr.-uniud t", living (ho guvorntng (qua, Iona 

,i""I, . "‘I 1 * thB dulI -poruBlty riuu Bodala. In 
tl-r lUM ler hnique. the Calartin Unit. alia.iL 

la u »ad la epprailejle the aquation of flow 

It., .* 1 ?* 1,0,1 n ccnvolurton Intagral 

! * J ,u d *“ rrIbo lesVogw l|« betwaen tha 
I.,' . ,,, | p-r«M curia hlocka. tn Lhe aacmd. 

In.- (.alert In llnllo -lanenr Appruxlo.il Ion la uaad In 
r.n|,i,MIon With « cna-dloenalonal finite dlffarance 
.■|.pi..,in„|„n I.. handle fUw In th. I rat turea and 
iii.t, M rrapac lively, goth nuoerKal 

* r « oh ™ lw ba rejdlly acendabl. to tha 

R..VO riling oquj, luha of lhe dine rata irpttura Ilow 
c.'.kl. T.j vorlfv tha propnaod nunortcal rachnlquoa 
nu.l f ■ .ppi, r a Vaileue conceptual codeia, lour 
nlcu Ini t. nc of a prableo Involilng (low to a vail 
fullv panel rating a f lectured -rent insd aquifer were 
purf oread. Each alnulnclon corraapondad [o oue of 
i ha four ccnraptual codaU. For ihraa of tha 
* I uu 1 a , ad raiea. whera analytical solutlora are 
available, the nuaiarlroi and ih, analytical 
inlet |.<n<> ware cacpurod. ft waa found that both 
snluLlvfl tarl.nlquca yielded good reaulta with 
rdat Ivalv w n.irae apallot and eenporat 
•llureliiedopa. wrearer accuracy waa achieved by 
ilu- cnpblnij I, nil a elucant-convolutlon Integral 
Irchniqae f..r early tlco valuia at which ataep 
In-triull-. gradlunta ocrurrlng near [he 
irarinre-niirl, Inurlace could not ba accrnrodaiad 
l-v ihu line.,, Untie -Jttfeicnco appro, twi Ion. 

■ lu.i 1 1 v . ll.e rvauliK .-lii.ilncd ftoa tbe f.jur 
ulml.i, I -'.in arv i-np.,rcd. ond a Jtacuaalon la 
pieronied ..n pr.n Ikal ir.pl |. ai lone ,-f iheae reaulta 
j,i 4 'tw uii liiy ,,f various flow codafa. trinlie 
rl.nwni r...|h-d, I r*r fined cod la. f low alnilnl Ion) . 
v „er K.». i,r. Fri , . i i „par X-iHat 


• I-' 1 '.m.i ,1 », < !|.^y|| J | ( i,|, 

» mi. MHuii'f. ni nn ntum-w, mi 0? i ni 

"lull H dlKM.H I-. 1 I tfllUM 
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1, ■■ . Iim-.ersi,, , !h IV* - -i « S Hhn'l iduiu 
II,- I.JI. + -,, ..| , i..|uiv un.tcr tl-v-ui. 
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'hire >1, ., ,n. I pH. ini,- ..a to.. Ihrw ore lh-- 
- , a • . i Inis] „vhJ«,-jl nid lj*l-.r,,„ s^,| v , 
lh*’ 'I i,i',r, in ■ 1 r-in - ■ j I ■ ,.• II,. i,y.i i,iy her 
•i it,- i- it ii- li.- i . ■•ii.^iHiu i- ,.r r h>- .. nl r 1 1 

I it nil, 1-r-d.jh, , |i iik.-i, rh>- 

,. I-" An-. -I i . i- . >pM, |..|, ,lv*rti— J b, in 

!,-]•] I, ,1 l.ir, »l 1 (I • Ml! I-. piu.u.1 'l.r l ir ‘b[V 

■f"- -in illi-riMii lie . ■-n.|.„i.,T |..n .., lh.- Jii- 

,s yuvn usiey , ' lliierrn'ial 

-I'l •■ ■--■■ „rM(,ay- 0|ij.y...f,k llnr.l nnho.l, 
l,J-li -ll.ii -,|-pl Ic* li- -i- ! il' e irniMpinii in porous 
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Meteorology 


)M Clouds (Al»),phorl<* Hater) 

K.'l. Pin, 1 1 ok (US Army Abmsjtfiorlo So tehees Laboratory , 
Htiite !lnmln Htastle Rnnge, Ht. BWOe), S.0. Jennings, 
Petr Oijlek, Chris Hon, H.T, Grondy, Jr, 

Ar, npprox laintn relfiLlon between the valuse eitlrotlon 
•.v„rrt'<lent 5* nrvJ buokocnUer oonfflntent f of oteoB- 
o b 

[dnjrli- •■loud nt vtntble and inCrnred wnvclmgths In 
ilei'lvisl using cuipiot-angdlar-moiwnUR theory. To zero 
unlor LIm relnlton ta linear end (ndependnnt of Oio 
■Implot size dial r I but ton 

er 

r ■ -r- <r 

o g(A) b 

wtiore g(X) Ls a slowly varying .Duration or travel engtti. 
Prod lot tons node with this relation are In good agree- 
sent with exit not ion mi bnaksaatter nsesuwents Bads 
on Inboratory-gensrated fog droplet dlatrlbutlona. Tha 
relation suggests that visible or nnar-lnfrared «t- 
l notion MOfr la tents In aloud of in known type could be 
lnfarrcd rron Ildar baokwatter n»aa«-«enka alone, 
„tthout knowledge of the cloud droplet flu spent™, 
bar i- lug mplleallons arising freu aailtlple anatterlng 
oontrlbutlona to the lldnr return, (Cloude, Uder, 
baokSDatterlng, estimation) . 

J. Ooaphys, Kua., Oreen, Paper 3C087S 


«SS,“ SiKi'S.-'v.^v 1 -” 1 - ■•■•-'» 

predicts . t h> lnt « r P'4"«*ry m«qnetle field 

ueoarturas *?!??•"“, f °, r 11,0 ■* 1 "'Ulbil component. 
■nSvtr^fa. h. 1 ,* ? 1 “ ,on **■"■* '"d tested In an 
analysts of a subset of the Hellos 1 data. As tn a 
previous enilysts of Pioneer 10 dlls, these departures 
crease uVmV° l ve J 0,:1ty b, «- “« eumlne the de- 
amraarhja Vhu W " tf ’ p * e4 occurred as Heltoi 1 

Ui XI' ,‘ ,nd th|11 * ,nu1 «* 1 » steeper gridt- 
Sli Hnir fir h f * "'f* 11 ' ”* U A St SI- 

Sun Vn^hM ' hs fl8n f,M s P wd di Hence from the 

»1«ltv hUaM fl P ! M1 CL . tTOm th “ ditJ " CU nf thB 

(anrovx/ Shi Bresent - Th,s Procedure substintfilly 

tolt« 5.^ WW Park#r '* nMd * 1 tni the 

mmStt^ JfiiH V I ,0 S t L b,JS - Interplanetary 

magnetic rteld, Archimedean spiral). 

I. Ceriphvs. Pa B ., Slue, PapoT )AO7J0 

Particles and Fields — 
Ionosphere 

JJI J Auroiestdllfuie) 

El |CTPON CYCLOTPON WAVES HES- 

5®5S? L I FOR DIFF,JSE AURORAL ELECTRON PRECIPI- 

TATION 7 

C. Belment (CNET)Cer.tre de Recherchaa cn Phvuqiw de 
1 Enrlronnemeni Terrasire et Plenllaire, 42111 
Isiy- lei- MeulnweiM, Franca), I). Fanuine, P. Canu 
On lhe bail, of ihcore neat calculation! a | election dlliusiu 
coeflicienii end at OGO-J dale, Lyr-ru (1974) luggciteJ that 
elactroiiATic electron cyclotron hirrnonlc vj.„ nad ampluudes 
large enough to cam* (he ilrong pllch-angh diffusion of 
plaimeshoei keV electron! end io be reiponjlble lof dll fuse 
auroral preclplistlon. Ho»over, recent menirmncnii of thr 
wave location arid ainplli.jdc performed aboard lhe l,EOS 
ipacectall hava brought new piece! ol Information chnllengtng 
ihe>e concl'Alom. Our cakulatloni are bawd on the theoretical 
tool developed by Lyom 11974) but I ale Into account the 
recently obieived wave confinement wrllhin a le»- degree! from 
the magnetic equator. Under iheie cordlilom, nt avoid the 
numerical averaging of the pilch-angle diffusion coelhclenl 
ovor the whole- line ol force and are can derive an analytical 
expression of the minimum wave amplitude required to cauM 
strong pitch-angle dlffuilon lor plaimasheai elec irons. This 
expresiion hu she advantage to be eauly iractablo In fur Iher 
cal, dilations, and permits ui to evaluate the dependence of the 
relulis on parametan which are not reporte-1 by observations, 
such ai the wave number spectrum. Our results are found to 
differ from. Lyons ll-i/eyj predictions by a factor of about 2.9, 
and typically, a »avo amplitude of more than !mV.»" r It 
required ro pul one- LoV electrons on strong dll fusion. t?r 
anoiher hand, on the bans of a statistical analysis of electron 
Cyclotron vair am.plnudes m, ensured In the nigh I side plaima- 
ihcet by the gEOS- 2 spacecraft, «e shows that most ol the lime 
I ■R \). this typical value of 2mV.m" n not reached. This 
result appears inconsistent with Ihc hyfvytiiesis u.al dilfuse 
auroras, *h|. h are a permanent lecture of (he auroral rones. 
j,e due solely to electros to nr clv-drivi OyClotror, vain. This 
Is- ids us ic- the conclusion that these waves arc no, the onLy 
■.ausr of diffuse electron precipitation. It u suggesled that 
ollis-r meclianisms involving lor instance ,he dvr. dimes 01 the 
lens (such as Mcld-aligncd current <■ could play an unf-ortaM 
role. < Diffuse aiiroras, electrostatic waves, plich-anglc dlff-*- 
Sionl. 

’. '-C-. plivs. Xi,, Hull, I'liper I>',?|-1 


"•ini f'laan, nn, cunvact len, or ClTculoelon 
L\RCE-SC.Mr • s'CNfEKSTillAHIfitt OF If* AKIi II.* .VLinU 
I'LuHASPilfRIC FLUX TUBES 

F. C. Richards (Center For Aioeapharlc and Space 
.. I.-. .... i,,i, '.".lie ' nlv. rail-. . n. I'lsh 

v. .» l.unt .in. I l. I. ...)k> 

•Vi* Un-Thi-ril spheric piano., I nindp.it L cc-Jnl haa bwan 
une-J In study Lhe flow character la, lex ef It*, Ha* nn-i 0* 
ali-mt closed gu.njnnotlt field linos for aulailou con- 
ditions nt noon local tire- TI,l- calculaitona ware ear- 
rlod jut for tho flur tube that passes ilirauyh HI I Is cone 
Hill. Both es-ttietrle and ouvasutrlc neutral winds In 
the cun Jugate l.ynnaphores wuco conalderad. Initially, 
tho (lux tuba contont was pnrLinLly daploced and cbe 
aubaoquont refilling waa atudlod until a steady state 
flow wan aatabllahe.1 hetweon tho winter and niaar hanl- 
* pharos. Ihu ay In con- 1 us Ion c-l bo drawn free rbla 
study Is tbst a* - lie* roun te ret roan Ing can bo expected 
Jlr.nfl n large aegmont at a ptaanaapherlc flux tuba IC 
Riilstfcu. For bath ayutatrlc and aayacatrlc wind par- 
tonis, tlw lla* flow la froa tha winter to tha aimer 
ionnupliura not onlv In tha atendy atata. hut during flux 
tube red 1 ling owing to Lhe winter hellun bulge and eba 
dap lot Ion of Ms. Far ayKdtr|r poleward neutral ulnifa 
In both hoalapfioraa , II* and 0 flew up from cbe conju- 


gate lonoapiierea during flux tuba reft lllng, which 
leads tu largb-xcxls II* - Ho* conn to rat leaning In the 

■uuur hoodphuro. In the eteedy atela. bach W and So* 
flew Tina t be winter to tha inner lonoapbare and no 
light- ten counters training occora. Wban the neutral 
wind tu the euner healapbera Is aac to lore, which acta 
ta reduce tha r-raglea 'winter anmly', H* - He 
counters treat, tug occurs In the aura r'tsealapTi era during 
refilling and along tlm entire flux tuba fn aha ataady 
■taca. The B* - Ha* aounreratratalng velocitlu obtain- 
ed ara too a salt co exclta plxana lnatabllltlai. but 

jfMsna^Bns % 
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61 IQ Phyatcxl Propertius of Ri>cba 

TTIE LFFPC TS OP AUllmiS CHEHlrjtt E WIBOrJHEIlTS OH CRACK 
AHD RYDRAUL I K FPACTt/RB PP0PA0ATIQII AHti mHPHaiOntF6 
J. D. Dunning 1 TWpjr tn.enl of Geologp, Indiana 

Uni varsity, Dlomlngun, Indiana 47409), M. l. || u f 
Th* role of aurface actlva aquaoua anelroranenta In 
chamumKhanlral weaVenlng nf goolagLe aierurtala la 
examined In light of the rasulte of hydraulic fracture 
taatt In amdalone, calorimetric stud la*, and erect 
propagation testa In synthetic quartr. Tn hydraulic 
fracture teats smplpvln* Crab Orchard Sandstone It waa 
found that tha effective hydraulic fracture pcaieuro 
waa roduced, ^ over chat attained with II at 11 led water, 
whan 9 x in— H aauaeua sol ut Iona of dolacvl trine thy I 
enrjni uu broalfi 'ITAH, warn mid aa tha hydraulic 
fracture itadlun. lhs ri agree of branching or tha 
fracture, waa also liKTaaaad In cbe prasenca of the 
STAB solution. Previously reportad crack propagation 
■traaa values In quartr axpoaad to Iletllled walar 
and various W»1 eelutlona dlsplayad the save trend. 

Wien osanLnad In thi ■ study , tha cracks pre-pagutod 
In tha proaenca of I'TAB solutions also dlsplayad a 
Itsstar lagree of branching than those propagated 
In tho praaenco of distilled water or the snblent 
atnoaphare. The i r results end reaulta fr*i 
calorlratrLc aaaeuree.onta of tha heats of adsorption 
on end desorption fren quart! of dlettllad water end 
DTAB ora eynthauUed In a xwdol rotating tha 

weakening end isorpha logical affects to a reduction 
In tho aurface froe energy of quartz du* to 
adsorption or apscle* free tho chemical anvl runnsnt 

onto tho surfacn, of tha quarts and sandstone. 

J. Loophya. Roa. , Red, Paper JB0677 
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3750 H*n in tho Ateoaphote * . *- 

A WtARlt HWWL FOB TKH PBODUCTIOH OF II , »j AHD B0 4 

IH URBAN FuC ... 

D. J. Jacob and K. R- UoffBoan (hack Eoaloearlng 3739 Hegne tops cat • _ 

Labor* torlos California Inatltuta of Technology, COBSHTS O H *1H E CAUSES OF (XMIECYUH IH TBE .. 

fulT C?itfKP •! 9I32U EASTH'S KAOIIT (SPHERE I A BEVLEV OF BeWLOWim 

The ebonies! to spoilt Loo of nlghtclae urban fog baa SUBIia IWE f.H.*." By B.V.B.C0WET 
beon litvaatlgat^ Ming a hybrid Unatlc and aqolllbrlun H.J. B.JkUU (OauH ^ ■ 

Ldol. Extroaly high acidity <uy ba jopnnad to tha Uglworalcy. of Two. at Dallai, Boa MB, Richard- 
sirODldCs h? condwsfliion and growth on acidic cmAmaMB- fl«i* Ta*« 75D90;. • • • 

SL”“! STM'S Sfr J3S*. S-TST3.1|‘w‘ h -."Sa?M; 

a-cart ssassr -rari' 


droplet capacity for B(IV> hot. did oot alow dom. W 
Ml S(IV) oxidation rata leading M fog ealdlflnatlon. 
Oae phase nitric acid, aaodnta end hydrogaq paroxlde 
wore icayartged offlelenkly, although aqaaeus phaH , 
hydrogen parorld. «x doplotod rapidly by raductj" , 
with a (IV), Hi trata prqdiioclen Ip the sqaeOua phxxe • 
gas fenqd to be doalneted by BHOj g*0 P)“*B •=« v * n g iB «- 
Kelor aqueaui-phaiR ap?ni" ooncantra qlooe aera 
coatrollad ptlaarlly by condedaatlmi, M^ioratlon, 
nd P g. (Rig, acidity. B(1VJ ox Idas loo i M.vsnglOB). 

J, Ckdphyi. K*e. , -Green, Paper 3C0722 


j ‘■^ t' thaH h rb. fr “ight dirfor- . particles and Fields—. 

MgS'lS * r«pm!ihro a ," ,atl0n5h ‘P* for Pb and - * . , ’ w 

; v- : | 

" Cr, "i,.P*por JC0H6 
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quired to dray energy atorad In tho aagnotlc riald. 
Covley's tenclufloo that tha "IEEE rSsult* provide 
oTSEwhalnlnt in altu qwfdenea for tha ocqumau . 
of teoddhactlon *| tte days Ida aagaatopouxB" in 
baaqd oO a OMpatflaaa with *r»ndgrd reconnect ton ! - 

tteorls* oalfc, Involving carl for UiUeEore, 
hid coMluilaa lh .(Warranted. (Hegnatopooae, 1 
electric Uelde, lnteraoUqaa botwoen polar wind 

sen,' , 

3761 FlfTtirr* 11 *" 

sgt AIPBCTS 07 .msKdFAuas Ntniw ar hhistlsrs , 

D. L : . Catpeator fSpacoj T*l*ee»e*i4leetlniio egd Rldlo- 
adlaect Labi Stanford University, Stanford, CA fl(3DS) . 

A aside' to the ^ilatler lltrratnto li praientad, faith 
entails ta vWetUc prublag of fl>w actuacnra *fd > 
notiope near the plampnii,- : U^UOr probing exfrgrL- 

osaty lw Identified «e»«f*I tyjwi it vgrldtlnng fn 
plnnaephgrt ndlM with looll tfas, lOcludlqgl 1) Ypr- 
latlone df : a- fov taorh* of M.ft ovpf .-20T lOBglmdo 
,k.s to orleidace DO. tbs 5f*hC«lda el thw earth. « 


VlrtJW Of loR,.** 


I? li!vS? u ^ip“B ro * V™ 1 *. c «wm6m - 

^fren*. B.B. L,er*m . '■ ' ' j . 
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Blin Conviction Currunto 

COHVFCTIa, IN A TV-l-UYEP. NAS fLE WITH A RTE»HA|.Y 
TTJSHRRATUPh - IiKPENDENT VlifUSny 
P.H. Kenyan (Department of Csologlcal Sc I ono at . 
Cornel I University. Ithaca. VY 141,33) an.1 
n.L. Turcot tu 

Recant gaoehenCca) and laatoptr dam support tha 
hypothoal. that ilu, aarLh's ruinyle cenvr-cts In two 
separata Inyara wltl, an lute rises nt the 659 ko 
■alsnic discontinuity. Thi* paper utuHtos IV 
l-apl lent tons of this hypoihstls with rnqerJ to the 
tharnsl hoimdary layers that are osprct.'d la develop 
adjacent to tho Inturfscs botweon tha convaeLing 
lepers. Ur am particularly concarned with ■ 
possible deernnao In (I, a oant I a vlacoalcy scrota 
thla Interface. la order to study lh* structure af 
tho thorns I boundary layers In s fluid with a 
strongly tenparaturo-dopen>lent viscosity wo util las 
nn anprorlnata nathr.,! dovelape-l by Howard. II the 
upper And lover mantle hnva tha am* vtecoettr law. 
wa find that atiatlfled cnavectlon rsqulrui a Iwor 
mantle vlscoaity which la aeveral order* of 
megnlLuda lower limn the upper um le vlnroslte. 

This Is n»r enny t scent with atwllaa nf postal!-' La I 
roNnind. It la pc.anlble t-j obtain a vtxcoaltv lav 
for che lae, : r senile that rives x vtsfnilcv near 1 r 
equal to chot of the uppuc untie nn.l re-ie-.nihl* 
Conp^raturea. I[.,wever. ch-i required Irw Is n-.t 
Cvdalacant with thn currently .ivilUbls exp-utoent il 
•I ilu sn lower riintle niterl.ila. Th-ref.i,e. v 
convludn that thernnl irruevints 111'.! eh-.l- 
coo wed Ion. , 1an> le c..nve. dun. leupit ,t-ire . 

V1SC, *41 tv E 

'■ '!v--p1iv*. Pus., ?uJ, |-.,pn, ihi,!:: 

Also rial* htiri.1, 3 

TI-r.u'.hJ.TIO-.S Tht -ISr-’i It II tl, Tttl-V.f, 
F-.'OL'.-TIUN ur U-iTCV:. i Hi:. A 
'Iti-I.iel p-. FI loots il-tf irtrmi o' l- ,i. ,%l 
Sclent-os, Ttati l'n Ivi rsli if Me-, v .rl .it 
Albsnv, Albany, ).ev 5rtk 

Toveral oregonlc holes cranast'lnc ejj|.r>. 

China ara ths «ltrs of foroar c. nvergsn, [3,ite 
rjrgLm, althuugh there Have bsan vur-inp vl.-.a 
on tha toll I lional frarceork uf Individual tontl- 
nanr.i I blocks, stxlos of convergsneo at rki* 
lore*, and tho riming at raxpoetfvo ci-llfalcns. 

A tectonic study cf aastarr China, fljnsofla ard 
thu southorn SjvIi-l Far Last Inll.-ote- ir.v c - ■ I . - 
s Ion jl ths South China Block with r twcbmei 
forth Chlrij-^orrheauc China Fold Sonu aloe', In 
tho Late Trlaisic-Farly Juroaalc, choir collrc- 
tlva suturing to Eurasia In tha Lace Turasvlc- 
Early Cretaceous, fnllcwod by tho SIkhote Alln- 
Japan Block in tha Hid to lare Crecaccoui. If. a 
ov I daces la ae followai (1 > A I Inaar belt of Jure 
Trlaaale -Early Cracacnou* granltec and aranodlo- 
rftaa tranda east froo rhe <>ln I Incehan thrruph 
tha Dabieaban to tho Nuolyajig uoaif. uphlo- 
I Lee*, flvath, autnluetloa ton* calangs, a Mired 
cstacorphlc belt Indicating north dipping tuhduc- 
t Ion and car ire strata of Carbonl faroua to Lite 
Trlasalc ago Iron the Olnllngaban Jaflne tha 
auturw batifesn the North and South China Blo-rka, 

(J) A sinuous bale oi ulcrasaflca, bl,Machlata. 
silicic to InrormtdUto r-igoatlBB and wear end 
north vorgent fold! and thrust* trend r roa ihi 
wear pargln of tha ftriliii Basin through esntral 
Innor Mongolia and along tho aaat Grsat kh lagan 
Bangs co tha Aaur giver. Coupled with a Kid Juras- 
■Ic-Eorly Crotacaoua unconfornlty a tut ur Lug of 
•aac urn ChLoasa blocks to Eurasia along thla a ana 
la auggaarad, (J) A fold and throat bait with ul- 
tranallcB, flyach, blveachlata and subduct Ion 
tone nflanga along tha EaaurE River lo oorrheagt 
China indicates tha Suturing of tbs SIkhote Alin- 
Japan Block to Eurasia along a uaac dipping nub- 
duct Ion com 1 b tb* Kid to Lata Cretaceous. Simi- 
larly, a tictoolc study of aoutbarn China arid 
Eauthaaac Asia hu roiaolad a cup lax rag l oral 
ao talc of auCiiro-hcnindad tarralna which nucleated 
about tha eastern, west ora and auulhorn taaxglna 
ef tho Yangtze Cratoa during tha Lata Trlaiate 
and Early Jurasalc. Tha avldanca la OB follovat 
(4) A north-Booch rr oadlog bolt of ophlc-lltaa, 
blueaehlnta. calc-alkal lna volcanleo and induc- 
tion zone nBlonga, Including gran lea a, pransdto- 
ritae and strongly daforaj sarins strata alt of 
Iota Trlasalc ago oipoand fo tho loagmanaban of 
Sichuan Borga with the Kskixlllahan cphlall to in* 
'lata tin AllaonhaarTaogt looha ophlellte and hluo- 
achlat bait In cant ral Yunnan along which the 
gongban-Ganxl Coaplrx and tha Stum -Thai -Malaya 
■lock Join tha Cn ton, nod (3) A aoucboMtan pte- 
-longatlan of the Allaosbin-TatiRtiooho bait blfnr- 
cataa into tho aaufhaaat t landing K^-nval zoms of 
northern Ytalnaa and tho north-south c rinding 
Fab Lly-Luani Frahang xon* of Long nnd aaacem 
Thailand. Zonae of ophlollto, calc-alLaLIno val- 
c soles and atrong Lat« Trlxaalc dafornatlon, 
thap separate the Tndoainla and 5hao-TK9t-Ha!aya 
D locks froa tha Croton raapoccivsly. Thwaa 
f lad In ga differ significantly froa previous 
Interpretation* cf a Latr Pulse zoic cnhioildi- 
tlog of Sootb-Eostara Asia aa wall aa dlsputlni 
Iba' oalataeta nf a true Pangea, 

Tectonics, Papa r 310194 


8194 OanSTal (Fault Crisp) , 

. IHFtllEIKC OF'KlSMlcm AHD RAINFALL M IPLS0D1C ■' 
CREEP OH Tw .BAH ANDREAS FAULT SI Sit ft IH CEVTBAL 
CALIpDBHJA ' 

Sandra Ighala (Hall Stop If, U,6, CaoLog lea) . Survey , 
143 Hlddlal Idld Road, Honlb Wrk; CA 14023), 

- ! Rohan O. hirford. and Barbara Havko 

llRfli wlrtalypo extanaaaatats (OraappataraJ , . 
placid aero ta iracba of eha San Andrea* row It 
.system la central Op! I for* la, hava produced Marly , 
.continues! rcrcQrda nf aseiaalc fault slip (fault . 
craap) for 13 yaich. ' The rage rdi indicate seasonal 
and oihar -ebaagaa iq entp activity thai may fad 

- fisponaad ■ to war tat long ldlodal aalamiclty and i- 
. . rainfall. . Qua \t rfgaaat tyia of fnfmi* la a 

audden, aplaodle mnyamadt, 6r cxqop avast Onaat- •: 
VjfaH of-flraap aywnc* on raeorts Iros, fqor eroap- 
' aacara Kara coops nd with origin ilu, of local 
sarthtoakaa and aas'at tlmaa'of lain. . Aalawicity . 
appgdrad to atftci Jong-tor* erypp rptos, but did 
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ntr- on ■*aimvw*K“-.— - rau.umi. min our Ol coa miutua, lb, 

A. -44(100 fotiodh, (of akampio. *» equatorial alacyroq door , irf faet ol lka ralafall.ayel* appaarad.to' 

^ '■ AUltta-.fgd pqth mapqtfa Ohall Rrapani'a ataftalln daisy oritat *f cr**p ovanta.. TtaM'dalsyod* - - 

IPO -Oar -orobaarfajd ipt^otion*. (Ttorool eyagte wan ooniiatgntly liraar than avaota duriim -. 

V. ' -."•TT?- -••-•r PK- .'.. 1' " -t • -'V. ** f i r ' --r--— I r: - V « . 1 . - 


atopd VLF propafaEton aTlooti pwur in tha .vfcinity ^or aot'daualitdakly trlggar ;tr*ap a*ant*. lalalaJl 
iRa DUaMpsW, taoMJPi a dardaaaa.Jn ratalvad ... produced 'tatyLag rvtpooaas so CM IdatroMntk.. fcut.i 
i*ialUi-(to|!iylri ^>««p ^ • -eheil coupe rad auioa|iy<'to total cVesp: taotar Of 

" PWddarfi *** ” S* mfcgoltoda <i- ea rahguake'i , waier of eraop ’ 

aquata»UL.*J^ ofr, 5 D! * lc 7 oopalhzjuot iptal 5 mount of aawMant Id tha I ora dt. 

: plaeHpluaa. HklstUta prcvjdt iaportsot Info raat top • . or «»ji avaata, total rglofall ohpvgd no bleat t leant 
„• an aognatdpphatJd .opodlftoa* during .vov»-para*l*i!ildr- fiaaot eorrolacton with any nf tha variables. Tbe ‘ 

- ^ pdrtodb. r?f •*««**. oViWDAl ’ d«Y part of thm .odoal ralofall.oyelm apprarad.t" 

•:fgd wtb ma^oqtfa ahall para^ataiW ata dnd to delay onast aE creep ovanta.-. Tfappm 'daUvod* • 

q . gtudJ *i - of obaarfaad ipt rfao tion*. (Thara«l evagea wars conalatgntly liraar th*a dvaoto durlra--. 

^ra grarp,;^sta dpadafa nfKaa jatt.tioM. . t . th. rainy ra alpn; (fault *#$*. jral 
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